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PREFACE. 



To give at once a clear explanation of the design and in- prbtacs. 

tended character of this work, it is important to state that its 

author, in early life, imbibed quite a pasnon for astronomy, 
and, of course, he naturally sought the. aid of books; but, in 
this field of research, he was really astonished to find how 
little substantial aid he could procure from that source, and 
not even to this day have his desires been gratified. 

Then, as now, books of great worth and high merit were to 
be found, but they did not meet the wants of a learner ; the 
substantially good were too voluminous and mathematically 
abstruse to be much used by the humble pupil, and the less 
mathematical were too superficial and trifling to give satis- 
faction to the real aspirant after astronomical knowledge. 

Of the less mathematical and more elaborate works on as- 
tronomy there are two classes — the pure and valuable, like 
the writings of Biot and Herschel ; but, excellent as these 
are, they are not adapted to the purposes of instruction ; and 
every effort to make class books of them has substantially 
failed. From the other class, which consists of essays and 
popular lectures, little substantial knowledge can be gathered, 
for they do not teach astronomy ; as a general thing, they only 
glorify it; they may excite our wonder concerning the im- 
mensity or grandeur of the heavens, but they give us no ad- 
ditional power to investigate the science. 

Another class of more brief and valuable productions were, 
and are always to be found, in which most of the important 
facts are recorded ; such as the distances, magnitudes, and mo- 
tions of the heavenly bodies; but how these facts became 
known is rarely explained : this is what the true searcher after 
science will always demand, and this book is designed ex- 
pressly to meet that demand. 

In the first part of the book we suppose the reader entirely 
unacquainted with the subject ; but we suppose him compe- 
tent to the task — to be, at least, sixteen years of age — to have 
a good knowledge of proportion, some knowledge^of algebra, 
geometry, and trigonometry — and then, and not until then, 
can the study be pursued with any degree of success worth 
mentioning. Such a person, and with such acquirements as 

(iii) 
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iv PREFACE. 

pBBrACB. we have here designate^, we believe, can take this book and 
learn astronomy in comparatively a short time ; for the chief 
design of the work is, to teach whoever desires to learo : and 
it matters not where the learner may ber, in a college, 
academy, school, or a solitary student at home, and alone in 
the pursuit. 

The book is designed for two classes of students — the well 
prepared in the mathematics, and the less prepared; the for- 
mer are expected to read the text notes, the latter should 
omit them. With the text notes, we conceive it, or rather 
designed it to be, a very suitable book to give sound elemen- 
tary instruction in astronomy ; but we do not offer the work 
as complete on practical astronomy ; for whoever becomes a 
practical astronomer will, ef course, seek the aid of complete 
and elaborate sets of tables, such as would be improper to 
insert in a school book. 

We have inserted tables only for the purpose of carrying 
out a sound theoretical plan of instruction, and, therefore, we 
have given as few as possible, and those few in a very con- 
tracted form. The epochs for the sun and moon may be ex- 
tended forward or backward, to any extent, by any one who 
understands the theory. 

The chapters on comets, variable stars, &c., are compila- 
tions, and are printed in smaller type; and the works to 
which we are most indebted, are Herschers Astronomy and 
the Cambridge Astronomy, originally the work of M. Biot. 

Other parts of the work, we believe, will be admitted as 
mainly original, by all who take pains to examine it. 

The chief merits claimed for this book are, brevity, clear- 
ness of illustration, anticipating the difficulties of the pupil, 
and removing them, and bringing out<aU the essential points 
of the science. 

Some originality is claimed, also, in several of our illustra- 
tions, particularly that of showing, the rationale of tides rising 
on the opposite sides of the earth from the moon ; and in the 
general treatment of eclipses ; but it is for others to deter- 
mine how much merit should be awarded for such originali- 
ties; we have, however, used greater conciseness and per- 
spicuity in general computations than is to be found in most 
of the books oft this subject ; and this last remark will apply 
to the whole work. 
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ASTRONOMY- 



INTRODUCTION. 



Abtbonokt is the science which treats of the heavenly Aabwauj 
bodies, describes their appearances, determines their magni- *•*"•*• 
tudes, and discovers the laws which govern their motions. 

When we merely state facts and describe appearances as Hw din» 
they exist in the heavens, we call it Descriptive Astronomy. •*•" ®^ "' 
When we compute magnitndes, determine distances, record 
observations, and make any computations whatever, we call 
it Practical Astronomy. 

The investigation of the laws which govern the celestial 
motions, and the explanation of the catises which bring about 
the known results, is called Physical Astronomy. 

When the mariner makes use of the index of the heavens, Navtieai 
to determine his position on the earth, such observations, and ■■*~"®"y- 
their corresponding computationSj are called NixuHcal AstrO' 
nomy. 

By nautical astronomy we determine positions on the orography 
earth, and subsequently, the magnitude of the earth ; and "*J?^ 
thus, we perceive, that Geography and Astronomy must be 
linked together ; and no one can folly understand the former 
science, without the aid of the latter. 

Astronomy is the most ancient of all the sciences, for, in tim na- 
the earliest age, the people could not have avoided observing J^^^Imy. **' 
the successive returns of day and night, and summer and 
winter. They could not fail to perceive that short days cor- 
responded to winter, and long days to summer; and it was 
thus, probably, that the attentions of men were first drawn 
to the study of astronomy. 
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- ASTRONOMY.' 

i irraoopc . In this work, we .shall not take facts unless they are within 

Facte aioM the Sphere of our own observations. We shall not perempto- 

Dot science. ^^ ^^^^^^ ^^^^ ^^^ ^^^^ j^ ,^9^2 miles in diameter; that the 

moon is about 240,000 miles from the earth, and the sun 
95,000,000 of miles; for such facts, alone, and of themselves, do 
not constitute knowledge, though often mistaken for knowledge. 
We shall direct the mind of the reader, step by step, through 
the observations and through the investigations, so that he 
can decide for himself that the earth must be of such a mag- 
nitude, and is thus far from the other heavenly bodies; and 
that will be knowledge of the most essential kind. 
The fbim. jji astrcmomical knowledge has its foundation in observa- 
astronomicd *^^^ > *^ *^® ^®* object of this book shall be to point out 
knowledge, what obscrvations must be taken, and what deductions must 
be made therefrom ; but the great book which the pupil must 
study, if he would meet with success, is the one which spreads 
out its pages on the blue arch above ; and he must place but 
secondary dependence on any book that is merely the work 
of human art. 

As we disapprove of the practice of throwing to the reader 
astounding astronomical facts, whether he can digest them or 
not, and as we are to take the inductive method, and to lead 
the student by the hand, we must commence on the supposi- 
tion that the reader is entirely unacquainted even with the 
common astronomical facts, and now for the first time seriously 
brings his mind to the study of the subject ; but we shall 
suppose some maturity of mind, and some- preparation, by the 
acquisition- of at least respectable mathematical knowledge. 
Uonven- Every science has its technicalities and conventional terms ; 
and deifi^' ^^^ astroQomy is by no means an exception to the general 
tiom. rule ; and as it will prepare the way for a dearer understand- 

ing of our subject, we now give a short list of some of the 
technical terms, which must be used in our composition. 

Bimzon, — Every person, wherever he maybe, conceives^ 
himself to be in the center of a cirde; and the circumferenoe 
of that circle is where the earth and sky f^parently meet. 
That ciide is called the Aomon. 
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INTRODUCTION. 8 

Attitude, — The perpendionlur Ught from the horizon, i ^iwwe . 
meagnred by degrees of a circle. 

Meridian, — An imaginary line^ north and south from any 
point or place, whether it is conceived to run along the earth 
or through the heayens. If the meridian is concaved to 
divide both the earth and the heavens, it is then considered 
as a plane, and is spoken of as ths pUme of the tneridiaJL 

Poles, — The points where all meridians come together: 
poles of the earth — the extremities of the earth's axis. 

Zenith, — The zenith of any place, is the point directly PoIm of 
overhead; and the Nadkr ia directly opposite to the zenith, or ^* ^'^^* 
under our feet. The zerikh and nadir are the p6te9 to the 
horizon. 

Verlkdte. — All lines passing from the zenith, perpendicn- Prinw ▼«. 
lar to the horizon* are called Verticala^ or Verticcd Circles, ^^' 
The one passing at right angles to the meridian, and striking 
the horizon at the east and west points, is called the Prifne 
Vertical. 

AzimtOh, — The angular position of a body from, the meri- 
dian, measured on the circle of the horizon, is called its Azi^ 
muih. 

The angular position, measured from its prime vertical, is Ampiitnd* 
called itp JmplUude. 

The sum of the azimuth and amplitude must always make 
90 degrees. 

Equator, — The Batik's Bqualor-iB a great circle, east and 
west, and equidistant from the poles, dividing the earth into 
two hemispheres* a northern, and a southern. 

The Celestial Equator is the plane of the earth's equator G«ieiti«i 
conceived to extend into the heavens. •qnator. 

When the sun, or any other heavenly body, meets the Eqainoo. 
celestial equator, it is said to be in the Equinox, and the ^^* 
equatorial line in the heavens is called the Eqtd/nioctid, 

LaiiJbide, — The latitude of any place on the earth, is 
its distance from the equator, measured in degrees on the 
meridian, either north or soutk 

If the measure is toward the north, it is north latitude; if 
towwd tbst south, hsoSl latitude. 
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4 ASTRONOMY. 

' "™>w^g ' The dlBtance from the equator to the poles is 90 degrees — 
one-fourth of a circle ; and we shall know the circumference 
of the whole earth, whenever we can find the absolute length of 
one degree on its surface. 

Co-Latitude, — Co-latitude is the distance, in degrees, of 
any place from the nearest pole. 

The latitude and co-latitude ( complement of the latitude ) 
must, of course, always make 90 degrees. 
Pwtitob Parallels of latitude are small circles on the surface of the 
•riatitad*. earth, parallel to the equator. 

Every point, in such a circle, has the same latitude. 
ZongUude, — The longitude of a place, on the surface of 
the earth, is the inclination of its meridian to some other 
meridian which may be chosen to reckon from. English 
astronomers and geographers take the meridian which runs 
through Greenwich Observatory, as the zero meridian. 
The fint Other nations generally take the meridian of their princi- 
Btridian wr- pgj obscrvatories, or that of the capital of their country, as 
the first meridian; but this is national vanity, and creates 
only trouble and confusion : it is important that the whole 
world should agree on some one meridian, from which to reckon 
longitude ; but as nature has designated no particular one, it 
is not wonderful that different nations have chosen different 
lines. 
w« adopt In this work, we shall adopt the meridian of Greenwich as 
of GreJn! ^^^ ^^^0 ^^ ^^ longitude, because most of the globes and 
wieh ; and maps, and all the important astronomical tables, are adapted 
^^^ to that meridian, and we see nothing to be gained by chang- 

ing them. 

DedinaHon. — Declination refers only to the celestial equa- 
tor, and is a leaning or declining, north or south of that line, 
and is similar to latitude on the earth. 

SdUHtud Points. — The points, in the heavens, north and 
south, where the sun has its greatest dedination. 

The northern point we call the Summer Solstice, and the 
southern point the Winter Solstice; the first is in longitude 
90^, the other in longitude 270**. 
As latitude is reckoned norlih and lAniih, so longitude is 
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INTRODUCTION. 6 

reckoned east and west; bat it would add greatly to syste- hmovao, 
matic regnlarity, and tend maoh to avoid confusion and am- "b^w 
bignity in compntationB, were this mode of expression aban- "»&( •H- 
doned, and longitude invariably reckoned tpestwardy from to s**^^* 
360 degrees. 

Latitude and longitude, on the earth, does not corre- Lfttitvd*, 
spend to latitude and longitude in the heavens. Latitude, on |^,^*'„. 
the earth, corresponds with declination in the heavens ; and Muion. 
longitude, on the earth, has a striking analogy to right ascen- 
fflon in the heavens, thoujji not an exact correspondence. \\ * 
We shall more particularly explain latitude, longitude, and 
right ascension in the heavens, as we advance in this work ; 
for it is only when we are forced to use these terms, that the 
nature and spirit of their import can be really understood. 

There are other technic^ties, and terms of frequent use, oturtonu 
in astronomy, such as Gonjunction, Opposition, Retrograde, ^^ 
Direct, Apogee, Perigee, &c., &c., all of which, for the sake 
of simplicity, had better not be explained until they fall 
into use; and, once for all, let us impress this fact on the 
minds of our readers, that wo shall put far more stress on the 
substance and spirit of a thing, than on its name. 
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ASTRONOMY. 



SECTION I. 

CHAPTER I. 

Chap. I. To o<»m)aenee tke study <^ astronoifry^ we must observif 
and call to mmd the veal appearances of the heayeAs. 

Take saoh a station^ luiy dear nig^t, ae will oonutmid ad 
extensive view of that appare^^ o(»icave hemieph«ra^ abow 
U8, which we call the sky, and fix well in^the mind ike &ec^' 
tions of TwrthySoM^ east, and tcest 
The appa. ^^ gpg^^ ]g^ ^ suppose ooT obscrver to be somewhei^* in 
of the Stan. ^^^ United States, or somewhere in th&noi^them hemis{)her0,. 
about 40 degrees from the equator. 

As yet, this imaginary person is not an aostronomerjand* 
neither has, nor knows how to Use, any astronomieal instrlh'- 
ment; but we would have him mark with tittenticm thejfo^ 
sitions of the heavenly bodies. 

( 1. ) Soon he will perceive a variation in the position of 
the stars : those at the east of him will apparently rise; those 
at the west will appear to sink lower, or fall below the hori- 
zon ; those at the south, and near his zenith, will apparently 
move westward; and those at the north of him, which he may 
see about half way between the horizon and zenith, wiU appear 
stationary. 
Appareat Let such observations be continued during all the hours 
thrbeaveid ^ of the night, and for several nights, and the observer cannot 
bodies. fail to be convinced that not only all the stars, but the sun, 
moon, and planets, appear to perform revolutions, in about 
twenty-four hours, round & fixed point; and that fixed pointy 
as appears to us (in the middle and northern part of the 
United States ), is about midway between the northern hori- 
zon and the zenith. 
^•■^ •** It should always be borne in mind, that the sun, moon, and 
nuUoiniet. ^^^^ j^^^ ^^ apparent diurnal motion round % fixed poini. 



Digitized by VjOOQ IC 



PRELIMINARY OBSERVATIONS. 7 

and all those stars which are 90 degrees from that point, Omat, h 
apparently describe a great circle. Those stars that are 
nearer to the fixed point than 90 degrees, describe smaller 
circles ; and the circles are smaller and smaller as the objects 
are nearer and nearer the Jixed points, 

( 2. ) There is one star so near this fixed point, that the 
small circle it describes, in. about 24 hours, is not apparent 
from mere inspection. To detect the apparent motion of 
this star, we mnst resort to nice observations, added by ma- 
thematical instruments. 

T)m fixed pointf that we haye several times mentioned, is Tht North 
the Forth Poleo/thehaavenSfUJidiimoneeiarihBtwe have just ^^' 
mentioned, is commonly called the Mrtk Star, or the Pole Star. 

(3. ) This star, on the Ist of January, 1820, was 1^ 39^ Poiitfamof 
6" from the pole, and on 1st of January, 1847, its distance ^ **** 
from the pole was 1° 30' 8'^; and it will gradually and 
more slowly approach within about half a degree of the pole, 
and afterward it will as gradually recede from the pole, and 
finally cease to be tha polar etar, 

Wehere,andmustgeaeraQy, speak of the <^ar, or the stars, tim poto 
as in motion; but this is not so. The fixed stars are abao- ^ boUm. 
hMyfiaxd; it is the pole itself that has a slow motion among 
the stars, but the cause of this motion cannot now be ex- 
plained; it is one of the most abstruse points in astronomy, 
and we only mention it as a fact. 

As the North Star aj^ears stationary, to the common ob- 
server, it has always been taken as the infallible guide to 
direction; and every sailor of the ooean, and every wanderer 
of the African and Arabian deserts, has held familiar ac- 
quaintance with it. 

( 4. ) If our observer now goes more to the southward, and chan^ec of 
makes the same observations oh the apparent motions of the ^pp*"^*^* 

on ffoiiif 

stars, he will find the same general results; each individual touthwud. 
star will describe the same circle; but the pole, the fia^ 
point, will be lower down, and nearer the northern horizon ; 
and it will be lower and lower in proportion to i^e distance 
the observer goes to the south. After the observer has gone 
fufiiciently far^ the fixed point, the pole» will no longer be up 
2 
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cbat. I. in the heayenfl, but down in the northern horizon i and when 
Appear- the pole does appear in the horizon, the observer is at the 
iDM from equator, and from that line all the stars at or near the equa- 
•^**®'' tor appear to rise up directly from the east, and go down 
directly to the west; and all other stars, situated out of the 
equator, describe their small circles parallel to this perpendi- 
cular equatorial circle. 
Sooth of j£ ijjjg observer goes south of the equator, the apparent 
north pole of the heaven^ sinks below the northern horizon, 
and the south pole rises up into the heavens at the south. 
Change, in (5.) If the obscrver should go north, from the first 

ftppouanco o ' 

on (oinf Station, in place of going south, the north pole would rise 
■•Jth. nearer to the zenith ; and, should he continue to go north, he 
would finally find the pole in his zenith, and all the stars 
would apparently make circles round the zenith, as a center, 
and parallel to the horizon ; and the horizon itself would be the 
celestial equator. 

( 6. ) When the north pole of the heavens appears at th^e 

zenith, the observer must then be at the north pole, on the 

earth, or at the latitude of 90 degrees. 

Ap^ar. ^ "f ^ ^y <;elestial body, which is north of the equator, is 

the north always visible frt>m the north pole of the earth ; hence the 

pole. sun, which is north of the equator from the 20th of March to 

the 23d of September, must be constantly visible during that 

period, in a clear sky. 

Just as the sun comes north of the equator, its diurnal 
progress, or rather, the progress of 24 hours, is around the 
horizon. When the sun's declination is 10 degrees north of 
the equator, the progresa of 24 hours is around the horizon 
at the altitude of 10 degrees; and so for any other degree. 

Erom the north pole, all directions, on the surface of the 
earth, are south. North would be in a vertical direction 
toward the zenith. 
. flow to -^Q i^^Q observed that the pole of the heavens rises as we 

nnd the our- '*' _ - 

enmfeienoe ' go north, and sinks toward the horizon as we go south; and 
nnddiameter ^heu WO obscrve that the pole has changed its position one 
degree, in relation to the horizon, we know that we must havft 
changed phoe one degree on the suifaee of the earth. 
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( 8. ) Now we know by observation, that if we go north Chi>, i 
about 69j^ English miles on the earth, the north pole wiU be 
one degree higher above the horizon. Therefore 69j miles 
corresponds to one degree, on the earth ; and hence the whole 
circumference of the earth must be 69 j^ multiplied by 360: 
for there are 360 degrees to every circle. This gives 24,930 
miles for the circumference of the earth, and 7,930 miles for 
its diameter, which is not far from the truth. 

( 9. ) Here, in the United States, or anywhere either in Ciieuapo. 
Europe, Asia, or America, north of the equator, say in lati- i*"*"** 
tude 40^, the north pole of the heavens must appear at an 
altitude of 40^ above the horizon ; and as all the stars and 
heavenly bodies apparently circulate round this point as a 
center, it follows that all those stars which are \^thiii 40^ 
of the pole can never go below the horizon, but circulate 
round and round the pole. All those stars which never go 
below the horizon, are called drcumpolar stars. 

At the north, and very near the north pole, the sun is a tim na » 
nrcumpclar body while it is north of the equator, and it is a ^""^^^ 
eircumpolar body as seen from the south pole, while it is south from th* 
of the equator; this gives six months day and six months ao^hof uti. 
night, at the poles. ^«, 

( 10. ) North of latitude 66°, and when the sun's declina- 
nation is more than 23° north ( as it is on and about the 20th 
of June in each year ), then the sun comes at, or very near, the 
northern horizon, at midnight ; it is nearly east, at 6 o'clock 
in the morning ; it is south, at noon, and about 23° in alti- 
tude ; and is nearly west at 6 in the afternoon. 

(11.) In the southern hemisphere, there is no prominent 
star near the south pole ; that is, no southern polar star ; but, 
of course, there are eircumpolar stars, and more and more as 
one goes south; and ^if it were possible to go to the south 
pole, the whole southern hemisphere would consist of eircum- 
polar stars, and the pole, or fixed point of the heavens, would 
be directly overhead ; and the sun himself, when south of the 
equator, would be a eircumpolar body, going round and round 
every 24 hours, nearly parallel with the horizon. 

(12.) In aU latitudes, and from all places, the sun is 
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CuAF. 1. observed to cireulate round the nearest pole, as a center; anci 

The ii«uw when the sun is on the same side of the equator as the ob- 

•it pote is server, more than half of the sun's diurnal circle is above the 

tfaa oMitorw 

tiw wmH di. horixon, and the observer will have more than 12 hours sun- 

wBtl mm- light. 

^ When the sun is on the equator, the horizon, of every lati- 

tude, cuts the sun's diurnal circle into two equal parts, and 
gives 12 hours diftj, and 12 hours night, the world over. 
When the sun is on the opposite side of the equator from the 
observer, the smaller segment of the sun's diurnal circle is 
above the horizon, and, of course, gives shorter days than 
nights. 

We have,' thus far, made but rude and very imperfect ob- 
servations on the apparent motion of the heavenly bodies, and 
have satisfied ourselves only of two facts : 
Ftoto Mt. 1. That all the stars, sun, moon» and planets included, 
apparently circulate round the pole, and round the earth, in 
a day, or in about 24 hours. 

2. That the sun comes to the meridian, at different alti- 
tudes above the horizon, at ^tifferent seasons of the year, 
giving long days in June, and short days in December. 

(13.) Let us now pay attention to some other particulars. 

Let us look at the different groups of stars, and individual 

stars, so that we can recognize them night after night. 

NMewitj We should now have some means of measuring time; but, 

■MMOft^of ^ ^^y ^^ "wh&n. astronomy was no further advanced than 

tinw. it is supposed to be in this work, a dock could hardly have 

had existence; and the advancement of timepieces has been 

nearly as gradual as the advancement of astronomy itself. 

But we will not dwell on the history, and difficulties, of 
dockmaking: whatever these difficulties may have been, or 
whatever niceties modem sdenoe and art may have attained, 
there never was a period when people had not a good penerai 
idea of time, and some means to measure it. For instance, 
sunrise and sunset could be always noted as distinct points 
of time; and tl^e interval of a day and a night, or an astro- 
nomical day, which we now call 24 hours^ was soon observed 
to be a constant quantity. 
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At first, only rude timepieces oonld be made, designed to Gkup. l 
mark off equal intervals of time; but we will suppose, at ' 
once, that the reader of this work, or ow imaginary observer, 
can have the use of a common dock, which measures mean 
Bolar time of 24 hours in a natural day, which is marked by 
the sun. 

( 14.) Now, havbg power to recognise certam stars, or i^ p«ti- 
groups of stars, sudi as th« Seven ISkure, the Bdl qf Orion, ^^f^ 
Aldebaran, Smue, and the like, and having fikewise the use innuumito 
of a dock, he can observe when muf paHkular eiar comes to ^^' 
wnjf d^kuie peBiUon. 

Let a person place himself at «ny partieolar point, to the 
north of any perpmidiealar line, as tiie edge of a wall or 
building, and let him observe the stars as they pass behind 
the building, in their diurnal notions from the east to the 
west. For example, let us suppose that the observe is 
watching the star JMdanm, and that, whim the eye is placed 
in a particular definite position, the star passes behind the 
buildk^ at exactly 8 o'dodc. 

The next evening, the same star wifl come to the same 
poiat about 4 minutes before 8 c^dodc ; and it will not come 
to the same point again, at 8 o'dodc in the evening, until 
after the ea^nration of one year. 

( 15.) But in any year, on tiie saine day of the month, and 
ftt the same hour of the day, ilie same «taar wiU be at, or very 
near, the same position, em seen from ^e same point. 

For instance, if certain stars come on the meridian at a on ttaa 
particular time in the e^mng, on the first day of December, !^*^^f 
the same etars wffl not «ome on the meridian again, at the dian. 
same time of the night, untS the first day of the next December. 

On the first of January, certain stars come to the meridian indtx to 
Et midnight; and ( speaking loosely) every first of January **** >«"«**»»^ 
the same stars come to the meridian at the same time ; and 
there will be no other day during the whole year, when the 
same stars will come to the meridian at midnight. 

Thus, the same day of every year is observed to have the 
Bame position of the stars at the same hour of the night; and 
iMe ie the mosf d^inite index/or the easpiraium of a year. 
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^■^* >' ( 16.) The year is also indicated by the change of the Bun's 
Another declination^ which the most careless observer cannot fail to 
hmrtii**f A* ^^*^*'®- ®^ *^® ^Is* ^^ June, the sun declines about 23 J de- 
yew, grees firom the equator toward the north ; and, of course, to 
us in the northern hembphere, its meridian altitude is so 
much greater, and the horizontal shadows it casts from the 
same fixed objects will be shorter; and the same meridian 
altitude and short shadow will not occur again until the fol- 
lowing June, or after the expiration of one year. 

Thus, we see, that the time of the stars coming on to the 
meridian, and the declination of the sun, have a close corre« 
spondence, in relation to ime. - 
Fixed In all our observations on the stars, we notice that their 
tuTteiJ^ii *PP*'®^^* relative situations are not changed by their diurnal 
applied. motions. In whatever parts of their circles they are observed, 
or at whatever hour of the night they are seen, the same con- 
figuration is recognized, although the same group, in the 
different parts of its course, will stand differently, in respect 
to the horizon. For instance, a configuration of stars resem- 
bling the letter A, when east of the meridian, will resemble 
the letter V, when west of the meridian. 
WaBdm> As the stars, in general, do not change their positions in 
tag lun. yggpQg|. ijq qq^)^ other, they are called Jlxed stars; but there 
are a few important stars that do change, in respect to other 
stars ; and for that reason they become especial objects of 
attention, and form the most interesting portion of aslaro- 
nomy. 
PiaMti, In the earliest ages, those stars that changed their plaoeSi 
were called tmndering stars; and they were subsequently 
found to be the planetary bodies of the solar system, like tUe 
earth on Which we live. 
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CHAPTEK II. 

APPSA&ANOSS IN THE HXAYENS. 

In the preceding chapter we have only called to mind the Ctur.m 
most obvious and preliminary observations, which force thrai- 
flelves on every one who pays the least attention to the 
subject. 

We shall now consider the observer at one place, making 
more minute and scientific observations. 

(17.) We have already remarked^ that if the observer How » 
was on the equator, the poles, to him, would be in his horizon. Jj^ *^f '^ 
If he were at one of the poles, for instance, the north pole, the piu* of ob- 
equator would then bound the horizon. If he were half wtty "*'^^**^*' 
between the equator and one of the poles, that pole would 
appear half way between the horizon and the zenith. 

Therefore, by observing Ike aUxtude ofthepdU above the hori^ 
zm, we determine the number of degrees we are from the 
equator, which is called the laiUude of the place, 

( 18.) To carry the mind of the reader progressively al<mg, 
in astronomy, we must now suppose that he not only has the 
use of a good dock, but has also some inHrumeni to tneaeure 
ungUs. 

Clocks and astronomical instruments progressed toward 
perfection in about the same ratio as astronomy itself; but, 
as we are investigating or leading the young mind to the in- 
vestigation of astronomy, and not making docks or mathe- 
matical instruments, we therefore suppose that the observer 
has all the necessary instruments at his command, and we 
may now require him to make a eorred map of the visible 
heavens ; but to accomplish it, we must allow him at least 
one year's time, and even then he cannot arrive at anything 
like accuracy, as several incidental difficulties* instrumental 
errors, and practical inaccuracies, must be met and overcome. 

( 19.) There are three prindpal sources of error, which somow o. 
must be taken into consideration, in making astronomical ^ ^ 
observations. 1. Uncertainty as to the exact time. 2. Inez- tioii- 

B 



Digitized by VjOOQ IC 



14 ASTRONOMY. 

CtaAP. IL pertness and want of tact in tHe observer; and 3. Imperfect 
tion in the instruments. Everything done by man is neces- 
sarily imperfect. 
Pnetieai »»It may be thought an easy thing," says Sir John Her- 

ud esHMi ^^^ " ^y ®^® unacquainted with the niceties required, to 

•r onr. turn a circle in metal, to divide its circumference into 360 
equal parts, and these again into smaller sabdivisions, — to 
place it accurately on its center, and to adjust it in a given 
position ; but practically it is found to bo one of the most 
difficult. Nor will this appear eztraor^nary, when it is con- 
sidered that, owing to the application of telescopes to the 
purposes of ai^ular measurement, every imperfection of struc- 
ture or division becomes magnified by the whole optical power 
of that instrument; and that thus, not only direct errors of 
workmanship, arising from unsteadiness of hand or imperfec-' 
tion of tools, but those inaccuracies which originate in fax 
more uncontrollable causes, sudi as the unequal expansion 
and contraction of metallio masses, by a change of t^mpera-> 
ture, and their unavoidable flexure or bending by their own 
weight, become perceptible and measurable." 
^•oeisny ( 20.) The most important instruments, in an observatory, 

''''''^*'^' aside from the dock, are a drck^ or sector ^/cfr idHttidea; and 
a transit instnemefa. 

The former consists of a circle, or a portion of a circle, of 
firm and durable material, divided into d^rees, at the rate 
of 360 to the whole circle. Each degree is divided into equal 
parts; and, by a very ii^nious mechanical adjustment of an 
index, called « Vermer acale, the ^vision of the degree 10 
practically (thou^ not really) subdivided into seconds, or 
3600 equal parfcs. 

The whole instoum^t must now be firmly placed and ad- 
justed to the true harizontai ( which is exactly at right an^es 
to a plumb line ), and so made as to turn in any direction^ 
With this instrument we can measure angles of altitude. 
Tiw tna. (21.) Hie transit instrument is but a le^esoqpe, fitmly faa*' 

^B,, ' tened on a horizcmtal axis, east and toestf so that the telescope 
itself moves up and down in tho plane o/the mmdianf but eaa 
never be turned aside from the meridian to the east or wesi» 
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To pkee the instrument in thiB posi- 
tion, is a veiy difficult matter; but it is 
a difficulty whicb, at present, should not 
come under consideration: we simply 
conceive it so placed, ready for observa- 
tions. 

" In the focus of the eyepiece, and at ' "I^ , "wnp^iw" a line in 

•1.x 1 X *!. 1 Ji. r A X 1 Transit Initrament. ^^ ^„.it 

right angles to the length of the tele- • i«.tnunent a 

scope, is pkeed a system of one borisontal and five equidis- vUiUe m«ri- 
tant vertical threads or wires, as represented in the annexed ^^' 
figure, which always appear in ituBjiddofview, when properly 
illuminated, by day by the light of the 
sky, by night by that of a lamp, intro- 
duced by a contrivance not necessary here 
to explain. The place of this system of 
wires may be altered by adjusting screws, 
giving it a lateral ( homontal ) motion ; 
and it is by this means Imnight to sueh a 
position, that the middle one of the vertical wires shall inter- 
sect the line of coUimaiion of the telescope, where it is arrested 
and permanently fastened. In this situation it is evident 
that the middle thread will be a visible representation of tl^t 
portion of the celestial ■Mridian to which the telesoope is 
pointed; and when a star is seen to cross this wire in the 
telesoope, it is in the act of culminating, or passing the eeles* 
tial tteridian. The instant of this event is noted by the 
okx^ or chrononeter, which foms an indispensable accom- * 
paniment of the transit kstrument. For greater prednon, 
the moment of its orosring eack of the vertical threads is g^tun 'Iom- 
noted, and a mean tal:en, which (since the threads are equi- 'aey. 
distant ) wodd give exactly the same result, were all the 
observatSoBS peifect, and will, of course, tend to subdivide and 
destroy their errors in an average of tiie whde." 

( 22. ) Thus, all prepared with a transit instrument and a i^twMiTtb* 
chwk, we fix en some bright star, and mark wh^ it ocxnes to fixed itars 
the meridian, or appears to pass behind the central wire of 1^ ^"11^ ^ 
instrument. By noting the same event the next evening, the ^^^ ^u. 
nexl, and the neaEt, we find the interval to be very senri* itut. 
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Chap. n. bly less than 24 hours ; but the intervals are equal to each 
other ; and all the fixed stars are unanimous in giving equud 
mtervcHs of time between two successive transits of the same star, 
if measured by the same clock. 

The following observations were actually taken by M. 
Arago and Lacroiz, in the small island of Formentera,in the 
Mediterranean, in December, 1807. 



Date 6f Observations. 


Time of transit of Ac 

Star et Arietis. 


Intervals between 




h. m. s. 


h. m. 8. 


1807, Dec. 24, 


9 42 32.36 




" 25, 


9 41 29.70 


23 58 57.34 


" 26, 


9 40 26.72 


23 58 57.02 


" 27, 


9 39 23.90 


23 58 57.18 


" 28, 


9 38 21.38 


23 58 57.48 



of meaivre 
for time. 



These intervals between the transits agree so nearly, thilt 
it is very natural to suppose them exactly equal, and the 
small difference of the fraction of a second to arise from some 
slight irregularities of the dock, or imperfection in making 
the observations. 

The equality of these intervals is not only the same for all 
the fixed stars, in passing the meridian, but they are the 
same in passing aU other plarhes. 
Standard Now as this has been the universal experience of astrono- 
mers in all ages, it completely establishes the fact, that all 
the fixed stars come to the meridian' in exactly equal inter- 
vals of time; and this gives us a standard measure for time, 
and the only standard measure, for all other motions are 
variable and unequal. 
Time of Again, this interval must be the time that the earth 
***Jotetio!^'n ®™P^^y^ ^° turning on its axis; for if the star hfi>sced, it is a 
ito azif . mark for the time that the meridian is in exactly the same 

position in relation to dhsduJt/e space. 
M. Arago*k ^ 23.) That the reader may not imbibe erroneous impres- 
sions, we remark, that the dock used for the preceding ob- 
, nervations, made by M. Arago and Lacroiz, ran too fast, if it 
^ was a eommm dock, and too dow, if it was an aUranemiocd 
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dock. It was not mentioned which clock was used, nor was cbap. n. 
it material simply to establish the fact of eqtud intervals; nor 
was it essential that the clock should run 24 hours, in a mean 
solar day : it was only essential that it ran uniformly, and '^ 
marked off equal hours in equal times. /' 

If it had been a common dock, and ran at a perfed raU, 
the interval would have been 23 h. 56 m. 4.09 s. ^ ^ 

(24.) In the preceding section we have spoken of an Ab aitra. 
astronomical dock. Soon after the fact was established that li^^ 
the fixed stars came to the meridian in equal times, and that 
interval less than 24 hours, astronomers conceived the idea 
of gradwaJting a dock to that interval, and dividing it into 24 
hours. Thus graduating a clock to the stars, and not to the 
sun, is called a sidereal, and not a solar, or common clock ; 
and as it was suggested by astronomers, and used only for 
the purposes of astronomy, it is also very appropriately called 
an astronomical clock; but save its graduation, and the 
nicety of its construction, it does not differ from a common 
clock. 

With a perfect astronomical dock, the same star vnllpass the To d«tor. 
meridian at exactly the same Ume^ from one yearns end to an^ inm«tiierat« 

of ftn MtfO* 

other.* If the time is not the same, the clock does not run nomioai 

dock. 

* Sidereal tiine*has been slightly modified since the discovery of the 
precession of the equinoxes, though such modification has never been 
distinctly noticed in any astronomical work. 

At first, it toas designed to graduate the interval between two suc- 
cessive transits of the same tftar over the meridian, to 24 hours, and to 
call this a sidereal day ; which, in fact, it is. 

But it was necessary, in some way, to connect sidereal with solar 
time ; and, to secure this end, it was- determined to commence the side- 
real day (not from the passage of any particular star across the meri- 
dian, but from the passage of the Una ffinary point in the heavens, where 
the sun's path crosses the vernal equinox, called the first point of 
Aries), thus making the sideredl day and the equinoetial year commence 
at the same moment of absolute time. 

For some time, it was supposed that the interval between two suc- 
cessive transits of the first point of Aries, over the meridian, was the 
same as two successive transits of a star ; but the two intervals are not 
ktentiedt; the first point of Aries has a very slow motion westward 
arnQSg the stars, which is called the precession of the sqtiinox, and 
2 B* 
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oba>. g . to sidereal tiine; and the Yariatiom of time, (» the dififerenee 
between the time when the star passes the meridian, and the 
time which ought to be shown by the clock, wiH detennine 
the rate of the clock. And with the rcOe of the dock, and its 
error, we can readily deduce the true time from the time 
shown by the face of the dock. 
Solar dajs (25.) When we examine the sun's passage across the 
^'^^ ^^ meridian, and compare the elapsed intervals with the sidereal 
dock, we find regnlar and progressive variations, above and 
below a mean period, that eaonot be accounted for by errors 
of observation. 

The mean interval, from one transit of the sun to another, 

or from noon to noon, when we take the average of the whole 

year, is 24 hours of solar time, or 24 h. dm. 66.5554s. of 

sidereal time ; but, as we have just observed, these intervals 

are not uniform; for instmee, about the 20th of December, 

they are about half a minute lonper, and about the 2(Hh of 

Septembtf , they aie as much diorter, than the mean period. 

*th9 Sim From this fact, we are compelled to regard the sun, not as 

taoftt ]WT6 ^ gj^ pdat; it anst have motions, real or apparent, inde- 

MBt motion, pendent of the rotation of the earth on its axis. 

( 26. ) When we compare the times ci the moon passing 
the meridian, wim the astronomical dodc, we are very forcibly 
^ struck with the irregrtdariiy of 4^e interval. 

Genorai The least interval between two successive transits of the 
motion of QiQOQ / which may be called a lufutr day ), is observed to be 
about 24 h. 42 m»; thegreafcest, 25h. 2 m.; jBiid<^ meaii,or 
average, 24 h. 54 m., of mean soUurtime. 

These facts show, oonclumvely, that the moon is not a 

which makes Hs transits aeross the meridian a ftaotkn tf a second 
thorUr than the transits of a star. 

The time required for 366 transits of a star aeross the meridian, is 
( 3''.34), three 9e99nd$ and tkitrtffmt hundretUhe o/ a ieeond of sidereal 
time, greater than for 366 transits of the equinox. 

This difference would make a day in about 2S000 years. The time 
elapsed between two succesaive tranMts of the equinox being now 

ealied a sidereal day of S4h.0m.0s., the 

time between the transits of the same star, is - 24h. m. 0.00916 «. 

Every astronomer undentands Art ( 94 ) witii this modifieatioA. 
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fixed body, Hke a fixed star, for then ihe interral woidd be cm>-n . 
24 hours of sidereal time. 

Bat as the interval is always more than 24 hours, it shows 
that the general motion of the moon is eastward among the 
stars, with a daily motion yarying firom 10^ to 16 degrees,* 
traveling, <nr appearing to travel, through the whole circle 
(tf the heavens ( 360^ ) in a little more than 27 days. 

Thns, these observations, however imperfectly and rudely cwef ob. 
taken, at onoe disclose the important fiwst, that the sun and^^^® "'''** 
moon are in constant ehange of position, in relation to the 
stars, and to each other; and, we may add, that the chief 
object and stndy of astrononiy, is, to discover the reality, the 
causes, the nature, and extent of sueh motions. 

(27.) Besides the sun and moon, seiraral other bodies o^*>^ 
were noticed as coming to the meridian at very unequal in- IJ^alderinT 
t^rvals of time-*<^interva]fi not differing so much from 24 bodies. 
sidereal hours as the moon, but, unlike the sun and moon, 
the intervab were sometimes more, sometimes less, and some- 
times equal to 24 adereal hours. 

These faets show that these bodies have a real, or appa- 
rent motion, mMhg the Han, which is sometimes westward, 
sometimes eastward, and sometimes stationary; but, on the 
whole, the eastward motion prepofiderates ; and, like the sun 
and moon, they finally perform revolutions through the hea- 
vens from west to east. 

Only /o«r such bodies ( stars ) wore known to the ancients. Wandering 
namely, Venus, Man, Jupikr, and Sahtm. ^itT^^. 

These stars are a portion of the ^icmeU belonging to our oienu. 
solar system, and, by subsequent research, it was found that Mo^«™ 
the Earth was also one of the number. As we come down 
to more modem times, several other planets have been disco- 
vered, namely, Mercury^ Unmus^ VeMta^ Juno, Cerea^ FaUas, 
andj very recently ( 1846), the planet I^epiune.f 

• Four minutea above 24 houn oorrespondt to ono degfiee of are. 

t We have not mentioned the names of theee phnOi in the order in 
which they stand in the system, but rather in the order of their dis- 
covery. As yet, we have really no idea of a planeti or a planetary 
system. 
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Cmap. n . We shall again examine the meridian passages of the sun, 
moon, and planets, and deduce other important facts con- 
cerning them, besides that of their apparent, or real motions 
among the fixed stars, 
obierra. (28.) But let US retum to the fixed stars. We have 
determine ^ scveral times mentioned the fact, that the same star returns 
the iveridiaa to the samo uteridian again and agam, after every interval of 
UiTrtw *^ ^ sidereal hours. So two different stars come to the meri- 
dian at constant and invariable intervals of time from each 
other ; and by swh intervals we decide how far, or how many 
degrees, one star is east or west of another. For instance, 
if a certain fixed star was observed to pass the meridian when 
the sidereal clock marked 8 hours, and another star was ob- 
served to pass at 9, just one sidereal hour affcer, then we 
know that the latter star is on a celestial meridian, just 15 
degrees eastward of the meridian of the first mentioned star. 
Coneapon- As 24 hours corresponds to the whole circle, 360 degrees, 
dence lie- therefore one hour corresponds to 15 degrees; and 4 minutes, 

tween honn ,. f rr t -t i •» 

and degrees. ^^ time, to onc degree of arc. Hence, whatever be the ob- 
served interval of time between the passing of two stars over 
the meridian, that interval will determine the actual difference 
of the meridians running through the stars ; and when we 
know ike position of any one, in relation to any celestial meri- 
dian, we know the positions of all whose meridian observations 
have been thus i^ompared. 
Hifl^t ai- The position of a star, in relation to a particular cdestial 
meridian, is called J^ight Ascension, and may be expressed 
either in time or degrees. . Astronomers have chosen that 

It is trne, we might mention every fact, and every particular re- 
specting each planet ; such as its period of revolution, size, distance 
from the sun, &c. ; but such facts, arbitrarily stated, would not convey 
the science of astronomy to the reader, for they can be told alike to the 
man and to the child — to the intellectual and to the dull — to the learned 
and to the unlearned. 

To constitute true knowledge — to acquire true science— the pupil 
must not only know the fact, bvt how ihat fact was discojxred, or de- 
duced from other facts. Hence we shall tnatn/y construct our theories 
from observations, as we pass along, and teach the pupil to decide the 
case from the facts, evidences, and circumstances presented. 
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meridian, for the first meridian, whicli passes tbrougli the Oha>. u . 
sun's cienter at the instant the sun crosses the celestial eqna* Fint msii. 
tor in the spring, on the 20th of March. ***"• 

Bight ascemion is measured from the first meridian, east- 
ward, on the equator, all the way round the circle, from to 
360 degrees, or from Oh. to 24 h. 

The reason why right ascension is not called lonm^ude will 
be explained hereafter. \ 

(29.) If we observe and note the difference <)f sidereal Totodtht 
time between the coming of a star to the meridian, and the Jjjj^ ^^^ 
coming of any other celestial body, as the swn, mooHf planet, nm, 
or comet, siich difference, applied to the right ascension of the " 
star, will give the right ascension of the body. 

But every astronomer regulates, or aims to regulate, his 
sidereal clock, so that it shall show Oh. m. s. when the 
equinox is on the meridian ; and, if it does so, and runs regu- 
larly, then the time that anybody passes the meridian by the 
dock, will give the right ascension of the body in time, with- 
out any correction or calculation; but, practicaQy, this is 
never the case: a dock is never exact, nor can it ever run 
exactly to any given rate or graduation. 

We have thus shown how to determine the right ascensions 
of the heavenly bodies. We shall explam how to find their 
positions in dedinaikn, in the next chapter. 



CHAPTER III. 



SinUOTION. — POSITION 07 THB BQUINOX, AND OBLIQUITY OF 
THE IQLIFTIO — HOW lOUND BT OBSERVATION. 

( 30. ) To determine the angular distance of the stars from cbat. hl 
the pcHe, the observer must first know the distance of his 
xenith from the same point. 

As any zenith is 90 degrees from the true horizon, if the 
observer can find the altitude of the pole above the horizon 
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I>7 
obMnra- 



< ^^"^« ™ ' (wUch is the ktitade of the place of obseryation ), he, of 

course, knows the distance between the zeToth and the pole. 

Prepare. , j^ ^j^^ north poU is but an imaginary point, no star being 

there, we cannot directly observe its altitude. Sut there is a 

utitade ygjy bright star near the pole, called the Polar Star, which, 

y^ as all other stars in the same region, apparently revolyes 

round the pole, and eomes to the meridian twice in 24 sidereal 

hours; once above the pole, and once below it; and it is 

evident that the altitude of the pole itself must be midway 

between the greatest and least altitudes of the same star, 

provided the appaarent motion of the etcar round the pole is really 

in a circle; but before we examine this &ct, we will show how 

altitudes can be tak^ by the mural circle. 

(31.) The mural, or 
wall circle, is a large me- 
tallic circle, firmly fas- 
tened to a wall, so that 
its plane shall coincide 
with the plane of the me- 
ridian. 

A perpendicular line 

through tiie center, ZNl 

(Fig. 2), represents the 

zenith and nadir pomts ; 

and at right angles to 

this, through the center, 

is the horizontal line, ffh. 

How to Ob- A telescope, Tt, and an index bar, /t, at right angles to 

MTTo meri. |.|j^ telescope, are firmly fixed together, and made to revolve 

tndes. on the center of the mural circle. 

The circle is graduated firom the zenith and nadir points, 
each way, to the horizon, from to 90 degrees. 

When the telescope is directed to the horizon, the index 
points, /and t, will be at JS and ^ and, of course, show 0^ 
of altitude. When the telescope is turned perpendicular to 
Z, the index bar will be horizontal, and indicate 90 degrees 
of altitude. 
When the tekseope is pointed toward anj star, as in the 
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figure, the index points, /and i, will show tke position of the ctur. m. 
telescope, or its angle from the horizon, tohich is th€ aliiiude 
qf the star. 

As the telesoope, and index of this instrninent, can reyolye MimI 4ku 
freely round the whole circle, we can measure altitudes witili ^^,!^** . * 
it equally well from the north or the south; but as it turns itrament. 
only in the plane of the meridian, we can observe only meri- 
dian altitudes with it. 

This instrument has been called a transii drde, and, sajc 
Sir John Herschel, " The mural circle is, in fact, at the same 
time, a transit instrument ; and, if furnished with a proper 
system of yertical wires in the focus of its telescope, may be 
used as such. As the axis, however, is only supported at Oioe 
end, it has not the strength and permanence nece.ssary for 
the more delicate purposes of a transit ; nor can it be Teri« 
fied, as a transit may, by the reverse^ of the two ends of its 
axis, east for west. Nothing, however, prevents a divided 
circle being permanently fastened on the axis of a transit 
instrument, near to one of its extremities, so as to revolve 
with it, the reading off being performed by a microscope 
fixed on one of its piers. Such an instrument is called a 
transit circle, of a meridian circle, and serves for. the simulta* 
neons determination of the right ascensions and polar dis- 
tances of objects observed with it ; the time of transit being 
noted by the clock, and the circle being read off by the late- 
ral microscope." 

( 32.) To measure altitudes in all directions, we must have Altitude 
another instrument, or a modification oftkie, iMtniment!^ 

Conceive this instrument to turn on a perpendicular axis, 
parallel i^ZN/va place of being fixed against a wall; and 
conceive, also, that the perpendicular axis rests on the center 
of a horizontal circle, and on that circle <»ffries a horizontal 
index, to measure ojzmm^ anffles. 

This instrument, so modified, is called an altitude and azi- 
muth instrument, because it can measure altitudes and azi- 
muths at the same time. 

( 83.) After astronomy is a little advanced, and the an^^ 
lar distance of each particular star^ sun, moon^ and planet, 
8 
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Chap. in » from the pole is known, then we can determine the latitude hj 
The lati. obBerving the meridian altitude of any known celestial body ; 
r^ Uie^ti! ^^* before their positions are established ( as is now supposed 
tvde of the to be the ease with the reader of this work ), the only way to 
^^' observe the latitude is by the altitudes of some drcumpolar 

star, as mentioned in Art. 30. 

To settle this very important element, the observer turns 
the telescope of his mural circle to the pole star, and ob- 
serveei its greatest and least altitudes, and takes the half sum 
for his latitude. But is this really his latitude ? Does it 
require any correction, and if so, what, and for what reason? 
▲diAeiity, At first, it was very natural to suppose that this gave the 
exact latitude; but astronomers, ever suspicious, chose tc 
verify it, by taking the same observations on other circum- 
polar stars ; and if the theory was correct, and the observa- 
tions correctly taken, all circumpolar stars would give the 
same, or very nearly the same, result. Such observations 
were made, and stars at the same distance from the pole 
gave the same latitude, and stars at different distances from 
the pole gave differerd latitudes; and the greater, the dis- 
tance of any star from the pole, the greater the latitude de- 
duced from it. A star 30 or 35 degrees from the pole, ob- 
served from about the latitude of 40 degrees, will give the 
latitude 12 or 15 minutes of a degree greater than the pole 
star. 
New and Astrouomcrs were now troubled and perplexed. These 
^JJJJ^"* great and manifest discrepancies could not be accounted for 
by imperfection of instruments, or errors of observations, and 
some unconsidered natural cause was sought for as a solution. 
CiiTvei de. To bring more evidence to bear on the case, astronomers 
otemnpoiM examined the apparent paths of the stars round the pole, by 
•un* means of the altUude and azimuth instrument, and they y^ere 

found to be not exact circles; but departed more and more 
from a circle, as the star was a greater and greater distance 
from the pole. ' 

These curves were found to be somewhat like ovals — the 
longer diameter passing horizontally through the pole -^ the 
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upper segments very wcar^ysewtcircfo*, and the lower segments "^» m * 
Jlattened on their under sides. 

With such evidences before the mind, men were not long 
in deciding that these discrepancies were owing to 



ASTRONOMICAL BEFBAGTION. 

( 34. ) It is shown, in every treatise on natural philosophy, 



Gcnenl 

that light, passing obliquely from a rarer medium into a ^^^ ®^ ■•" 



fraction. 

denser, is bent toward a perpendicular to the new medium. 

Now, when rays of light pass, or are conceived to pass, 
from any celestial object, through the earth's atmosphere to 
an observer, the rays must be bent dovmward^ unless they pass 
perpendicularly through the atmosphere ; that is, come from 
the zenith. 

-Let A B, CD ^ Fig. 3. 

EF,h(i. (Fig. ^, 

3 ), represent 
different strata 
of the earth's at- 
mosphere. Let 
« be a star, and 
conceive a line 
of light to pass 
from the star 
through the va- 
rious strata of 
air, to tjie ob- 
server, at 0. 

When it meets the first strata, as E F, it is slightly bent R«frutioa 
downward; and as the air becomes more and more dense, its «"»•••■, •*" 

titodei, 

refracting power becomes greater and greater, which more 
and more bends 4;he ray. But the direction of the ray, at 
the point where it meets the eye of the observer, will deter- 
mine the position of the star as seen by him. Hence the 
observer at will see the star at s', when its real position is 
at s. 

As a ray of light, from any celestial object, is bent down- 
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OhiAT. in. ward, therefore, as we may see by inspecting the figure, ik$ 
tdtUttde of all the heavenly bodies is tntreased hy refracdon. 

This shows that all the altitudes, taken as described in 
Art. 33, must be apparerU altitudes — greater than tme alti- 
tudes — and the resulting latitudes, deduced from them, all 
too great. 

The object is now to obtain the amount of the refraction 
corresponding to the different altitudes, in order to correct or 
aUow for it. 

To determine the amount of tefraction, we must resort 
to observations of some kind. But what sort of observations 
will meet the case ? 
How to Conceive an observer at the equator, and when the sun or 

find the a- ^ 

mount of ro- * Star passcs through, or very near his zenith, it has no re- 
fracUoB cor- fraction. But, at the equator, the diurnal circles are per- 
to*«iteiWe. pcndicular to the horizon ; and those stars which are very 
fTM of aiu- near the equator, redUy cJiarige their altitudes in proportion to 
•^- the time. 

Now a star may be observed to pass the zenith, at the 
I ^ equator, at a particular moment : four hours afterward ( side- 

real time ), the zenith distance of this star must be 4 time& 15, 
or 60 degrees, and its altitude just 30 degrees. But, by ob- 
servation, the altitude will be found to be 30° 1' 38". From 
*^this, we perceive, that V 38" is the amount of refraction 
corresponding to 30 degrees of altitude. 

In six sidereal hours from the time the star passed the 

senith, the true position of the star would be in the horizon ; 

but, by observation, the altitude would be 33' 0", or a little 

more than the angular diameter of the sun. 

A»«HiBt From this, we perceive, that 33' 0" is the amount of re- 

,^^^^^ fraction at the horizon. 

ThtiSf by takinff observations ai all intervals of time, between 
the zenith and the horizon, toe can determine the refraction corre* 
spending to every degree of altitude. 

( 35. ) In the last article, we carried the observer to the 
equator, to make the case clear; but the mathematician need 
not go to the equator, for he can manage the case wherever 
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htt may be — he takes into eonsideration the curves, as men- cbat. iil 
tioned in Art. 33. 

If it were not for refraction, the enrres round the pole Thanatiw- 
wonld be verfect circles, and the mathematician, by means of "o**"*"** 

nftthod n 

the altitude and azimuth, which can be taken at any and finding tiw 
every point of a curve, can determine how much it deviates wnonntofw- 
from a circle, and from thence the amount of refraction, or ^^ 
nearly the amount of refraction, at the several points. 

By using the refraction thus imperfectly obtained, he can 
correct his altitudes, and obtain his latitude} to considerable 
accuracy. Then, by repeating his observations, he can fur- 
ther approximate to the refraction. 

In this way, by a multitude of observations and computa- 
tions, the table of refraction ( which appears among the tables 
of every astronomical work ) was established and drawn out. 

( 36. ) The eiFect of refraction, as we have already seen, is Reflractioa 
to increase the altitude of all the heavenly bodies. There- 2^"^*,^ 
fore, by the aid of refraction, the sun rises before it otherwise li^^t. 
would, and does not set as soon as it would if it were not 
for refraction ; and thus the apparent length of every day is 
increased by refraction, and more than hdf of the earth^s sur- 
face is ccmstar^y illuminated. The extra illumination is equal 
to a zone, entirely round the earth, of about 40 miles in 
breadth. 

As the refraction in the horizon is about 33' of a degree,, 
the length of a day, at the equator, is more than four nunutes 
longer than it otherwise would be, and the nights four ndntUes 
less. 

At all other places, where tho diurnal circles are oblique 
to the horizon, the difference is still greater, especially if we 
take the average of the whole year. 

In high northern latitudes, the long days of summer ire £Aett la 
very materially increased, in length, by the effects of refrac- ^^ J***- 
tion; and near the pole, the sun rises, and is kept above the 
horizon, ey«i for days, longer than it otherwise would be, 
owing to the same cause. 

Befractionyaries very rapidly, in its amount, near the horf- 
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Obap. m. zon; and this causes a visible distortion of both sun and 
moon, just as they rise or set. 
Diitortion YoT instance, when the lower limb of the sun is just in the 
ud mooa in ^^^^^o"^' ^* ^ elevated, by refraction, 33'. 
the horizon. But the altitude of the upper limb is then 32\ and the 
' refraction, at this altitude, is 27' 50", elevating the upper 
limb by this quantity. Hence, we perceive, that the lower 
^ limb is elevated more than the upper ; and the perpendicular 
, diameter of the sun is apparently shortened by 5' 10", and 
the sun is distinctly seen of an oval form, which deviates 
more from a circle below than above. 
Ao optie&i The apparently dilated size of the sun and moon, when 
^^^^ I near the horizon, has nothing to do with refraction : it is a 
'^ ' mere Ulicsion^ and has no reality, as may be known by apply- 
^ "^ 'ing the following means of measurement. 

! Eoll up a tube of paper, of such a size and dimensions as 

•' just to take in the rising moon, at one end of the tube, when 

t y the eye is at the other. After the moon rises some distance 

f i ^^ in the sky, observe again with this tube, and it will be found 

' that the apparent size of the moon will even more than fill it. 

, . ., , i The reason of this illusion is well understood by the stu- 

\ dent of philosophy; but we are now too much engaged with 

realities to be drawn aside to explain illusions, phantoms, or 

any WUl-o^-ihe-vjisp, 

When small stars are near the horizon, they become invi-* 
sible ; either the refraction enfeebles and dissipates their light, 
or the vapors, which are always floating in the atmosphere, 
serve as a cloud to obscure them. 
AppUcation ( 37.) Having shown the possibility of making a table of 
• re tion. pgfjg^g^jQj^ corresponding to all apparent altitudes, we can now, 
by applying its effects to the observed altitudes of the cir- 
oumpolar stars, obtain the true latitude of the place of obser- 
vation. 

Let it be borne in mind, that the latitude of any place on 

the earth, is the inclination of its zenith to the plane of the 

equator ; which inclination is egual to the aUittide of the pole 

above the horizon. 

We demonstrate this as follows. Let .& (Fig. 4) repre- 
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Bent the earth. 

Now, as an ob- 
server always con- 

. reives • himself to 

be on the topmost 

part of the earth, 

the vertical point, 

Z, truly and natu- h 

rally represents his 

zenith. Through E, draw HE 0, at right angles to EZ; 

then BE will represent the horizon (for the horizon is 

always at right angles to the zenith ). 
Let E Q represent the plane of the equator, and at right 

angles to it, from the center of the earth, must be the eartKe 

nxis; therefore, EF, at right angles to ^ Q, is the direction 

of the pole. 

Nowthearcs» • • ZP+P O=:90o, 
Also, - . . ZP+ZQ=^90o, 



By subtraction, - P O—ZQ=:0 ; 

Or, by transposition, the arc PO^^ZQ; that is, the 
altitude of the pole is equal to the latitude of the place ; 
which was to be demonstrated. 

In the same manner, we may demonstrate that the arc 
HQ is equal to the bxo ZP; that is, the polar distance qf 
the zenith is equal to the meridian altitude of the celesUal equa" 
tor. Now, we perceive, that by knowing the latitude, we 
know the several divisions of the celestial meridian, from the 
northern to the southern horizon, namely, OP, P Z, Z Q, 
and QR 

( 88.) We are now prepared to observe and determine the 
declinations of the stars. 

Th£ declination of a star, or ar^ cdeetitd object, is Us fM/ru 
dian distance from the celestial equator. 

This corresponds with latitude on the earth, and declination 
might have been called latitude. 

The term latitude, as applied in astronomy, is to be de- 
fiaod horeaAer. 



Chap. m. 

A 

•tntioa. 



tiMd«ilMd. 
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Chap. HI . To determine the dedination of a star, we moat obaenre 

K*w to its meridian altitude ( by some instnunent, saj the mural 

^^X^fl circle, Fig. 2), and correct the altitude for refraction (see 

■ur. table of refraction ) ; the difference will 1^ the star's ime 

altitude. 

If the true meridian altitude of the star is lee* than the meri-' 
dian altitude of the celestial eguaior, then the dedituUion of the 
star ie south. ^ the meridian altitude of the star is greaUr 
than the meridian altitude of the equator, then the deeHne^ion of 
the star i$ north. 

These truths will be apparent by merely inspeetmg Fig. 4. 

BXAMPLES. 

Examples 1. Suppose an observer in the latitude of 40^ 12' 18" 
^d^mved^^'^^ observes the meridian altitude of a star, frt)m the 
to find any southem horizou, to be 31^ 36' 37'' ; what is the deelinatictn 
^^^^'^^ of that star? 

From 90O a' 00" 

Take the latitude, - - - 40 12 18 

Diff. is the meridian alt. of the equator, 49^ 47' 42" 
Alt. of star, 31° 36' 37" 

Refraction, 1 82 

True altitude, 3P 35' 5' - - 31° 35' 5" 



Declination of the star, south, - - 18° 12' 37" 

2. The same observer finds the meridian altitude of an- 
other star, from the southern horizon, to be 79^ 31' 42^; 
what is the declination of that star? 



Observed altitude, 


- 79« 


81' 


42" 


Refraction, ... 


- 




11 


Trae altitude, 


- . 79 


81 


31 


Altitude of equator, - 


49 


47 


42 


Star's declination, north, - 


- - 290 


43' 


49" 



3. The same observer, and from the same place, finds the 
meridian altitude of a star, from the northern horieon, to bo 
6P 29' 58"; what is the'declinatioB of thai sft^r? 
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Observed altitude, ... 

Befraction, . . . - 

True altitude of star, ... 
Altitude of pole ( or latitude ), 
Star from the pole ( or polar dist. ), 
Polar dist., from 90°, gives decL, north, 

In this way the declination of every star in the visible 
heavens cap, be determined. 

(39.) In Art. 28 we have explained how to obtain the ^^"J^'^ 
difference of the ri^ht ascensions of the stars ; and in the last of ti^ , 



51° 


29' 


53" 
46 


Our. a 






51 


29 


7 




40 


12 


18 




11 


16 


"49 




78° 


43' 


11" 





article we have shown how to obtain their dedinaiion^. 

With the dedinaiions and differences of rigid ascensions, we mwf 
mark down the positions qf aU the stars on a glche or sphere — 
the true representation of the appearance of the heavens. 

Quite a region of stars exists around the south pole, which 
are never seen from these northern latitudes; and to observe 
them, and define their positions. Dr. Halley, Sir John Her- 
schel, and several other English and French astronomers, 
have, at different periods, visited the southern hemisphere. 
Thus, by the accumulated labors of the many astronomers, 
we at length have correct catalogues of all the stars in both 
hemispheres, even down to many that are never seen by the 
naked eye. 

( 40.) In Art. 28, we have exjOained how to find the dif- J^^J^^ 
ferefnc€s of the right ascensions of the stars; but we have not right 
yet found the absolute right ascension of any star, for the want •**»■• 
of the first meridian, or zero line, from which to reckon. But 
astronomers have agreed to take that meridian for the ter9 
meridian, which passes through the sun's c^ter the instant 
the sun comes to the celestial equator, in the spring ( which 
point on the equator is called the equinoctial point )\ hut iks 
difficultly ia iofimd exacUp where ( iMor what stars ) thismeridian 
line is. Before we can define this line, we must take obser- 
vations on the sun, and determine where it crosses the equa- 
tor, and from the time we can determine the place. But be- 
fore we can place much reliance on solar observations, we 
must ask ourselves this question. Bas the 9un any parailaxf 
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Chaf. m . that is, is the position of the sxmjtist where it appears to be? 
Is it really in the plane of the equator, when it appears to be 
there? 
PAraiUz. To all northern observers, is- not the sun thrown back on the 
fieice of the sky, to a more southern position than the one it 
really occupies? Undoubtedly it is; and this change of 
position, caused by the locality of the observer, is called ^tfroZ- 
lax; but, in respect to the sun, it is too smaU to be considered 
in these primary observations. 

The early astronomers asked themselves these questions, 

and based their conclusions on the following consideration : 

Svn'i pft. If the sun is materially projected out of its true place^; if it is 

raiiax uuen- (j^^yo^n ^q the soiUhvxird, as seen by a northern observer, it 

monobservft. Will cross the equator m the spring sooner than it appears 

**•"• to cross. 

But let an observer be in the southern hemisphere, and, to 

hira, the sun would be apparently thrown over to the north, 

and it would appear to cross the equator before it really did 

cross. Hence, if the sun is thrown out of place by parallax, 

an observer in the southern hemisphere would decide that the 

sun crossed the equator quicker, in absolute time, than that 

which would correspond to northern observations. 

North«ra g^t, in bringing observations to the test, it was found that 

obtervEtiou ^^^^ northern and southern observers fixed on the same, or 

(Dompafed. very nearly the same, absolute time for the sun crossing the 

equator. This proves that the position of the sun was not 

sensibly aifected by parallax. 

We will now suppose (for the sake of simplicity) that a 
sidereal clock h^ been |p regulated as to run to the rate of 
sidereal time ; that is, measure 24 hours between any two 
successive transits of the same star, over the same meridian, 
but the sidereal time not known. 

Also, suppose that, at the Observatory of Greenwich, in 
the year 1846, the following observations were made:* 

• In early times, such observations were often made. We took these 
results from the Nautical Almanac, and called them observations ; bnt, 
for the purpose of showing principles^ it is immaterial whether obser- 
vations am real or imaginary. 
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Date. 


Face of the Side- 
real Clock. 


Declination by Obaefva. 
( Art. 38. ) 


March 18, 

. " 19, 

" 20, 

" 21, 

« 22, 


h. m. s. 
1 3 20:00 
1 6 58.62 
1 10 37.10 
1 14 15.47 
1 17 54.07 


o 








58 53.4 south, 
35 11.3 " 

11 29.4 " 

12 12.0 north, 
35 52.0 " 



cbap. m. 



Observa- 
tioni to find 
the eqninoz, 
and the side* 
real time. 



From these observational it is required to determine the sidereal 
time, or the error of the dock; the time thai the sun crossed the 
equator; the sun's rigid ojscenwm; its longitude, and the oUi' 
quity of the ecliptic. 

It is understood that the ohservations for declinations must 
have heen meridian ohservations, and, of course, must have 
heen made at the instant of apparent noon, local solar time. 

By merely inspecting these ohservations, it will he perceived 
that the sun must have crossed the equator hetween the 20th 
and 21st ; for at the apparent noon of the 20th, the declina- 
tion was 11' 29".4 south; and on the 21st, at apparent noon, 
it was 12' 12'' north. Between these two observations, the 
clock measured out 24 h. 3 m. 38.37 s., of sidereal time. 

If the sun had not changed its meridian among the stars, 
the time would have heen just 24 hours. The excess 
(3 m. 38.37 s.) must be changed into arc, at the rate of four 
minutes to one degree. Hence, to find the arc, we have this 
proportion, : 
As 4» : 3"- 38.37»- : : 1° : to the requiredresult. 

The result is 54' 35".4 ; the extent of arc which the sun 
changed right ascension during the interval hetween noon and 
noon of the 20th and 21st of March. 

To examine this matter understandingly, draw a line JE Q 
(Fig. 5), and make it equal to 54' 35".4. 

From JS, draw £ S 2it right angles to FQ, and make it compiita. 
equal to 11' 29".4. From Q, draw §iV at right angles to *|.t"L«,A'!!* 
-fi^Q, and make it equal to 12' 12". Then S will represent '"^ "^^ 
the sun at apparent noon, March 20th, and iT the position of 
the sun at apparent noon on the 2l8t, and SyiB the line of 



the eqiiiBOX. 
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rif.5. 



Qyr 




thesanamoiig 
the sUi8,iiid 
the point qp 
(ealled the 
first point of 
^ Aries), and it 
is where the 



Am of 

ttedoek. 



g the equator. 

Now we 
wish to find 
P where the line 
BQ is eroflsed by the fine SK^ or, the objeet is, to find 
£ ^, txpft996i til ikng. 

To facilitate the compntation, continne JSS to P, making 
8P=Qy; and draw the dotted line P Q. Then SP QJ^ 
is a paraflelogram. BP^IV 29".4-fl2' 12"=23' 41".4; 
and the two trian^es.PJS'Q and SB <v, are amihr; there- 
fore we haTe 

PE I EQ z : SB : B^. 
To have the yalae of B ^,{n time, B Q must be taken in 
time ; which is 3 m. 38.37 s. 
Hence, (23'41".4) : (3«»- 38.37«- ) : ir29".4 : Bcp. 
The result ^ves, ^cp=lm. 45.91«- 
Bat the dock time that the point B passed the meridian, 

wa» Ih. 10m. 37.10 & 

Add, 1 45.91 

The eqpL passedmerid. (by dock) at 1 h. 12m. 23.01 

Bat, at the instant that the eqnmox is on the meridiaOi 
the sidereal eloek ought to show L m. s. 

The error of the dock was, theief(nre, Ih. 12 m. 23.01s. 
(sobtractive). 

As the whole fine, JPQ(]atima), is - Sm. 88.37 8. 

And Ae part -fir <p is ... 1 45.91 

Therefore, qp Q is - * - - Im. 52.46 
Bat «p g is the f^ u w j wi fa i of the ion lit apparent noop. 
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at Greeawicb, on the 2l8t of March, 1846; a rerj important CHif. m. 
dement. 

The right ascension of any heavenly body, whether it be Bow to 
»tm, mocfn^ star, or planet, is the tme cddereal time that it ^ ^ *^ 
passes the meridian ; and now, as we have the error of the ascemion or 
clock, we can determine the true sidereal time that any star ^* '^^^ 
passes the meridian, and, of ooorse, its right aseension; thus, '^^ JI^Hu, 
for example, 

If a star passed the meridian at - 10 h. 15 m. 47 s. 

Error of the clock is (subtractive) 1 12 23 

Eight ascension of the star is - 9 h. 3 m. 24 s. 

( 42.) To find the Gfreemnch apparent Hme, when the sun 
crossed the equinox, we refer to Fig. 5 ; and as the point E 
corresponds to apparent noon of March 20th, and the Q to 
apparent noon of March 21st, and supposing the motion of 
the sun uniform (^ as it is nearly ) for that short interval, we 
have the following proportion : 

JSQ : JS^ : : 24h. : x. 

Oiving to JSQ and JS^ their numeral values in seconds of 
sidereal tune, the proportion becomes : 

218".37 : 106".91 : : 24h. : a?. 
The result of this proportion gives 11 h. 38 m. 24 s. for the Tim« of 
interval, after the noon of the 20th of March, when the sun ^ •^~"*»» 
crossed the equator. 

This result is in apparent time. The difference between 
apparent time, and mean clock time, will be explained here- 
after. At this period, the difference between the sun and the 
common clock was 7 m. 36 s., to be added to apparent time. 

Equinox of 1846, March - - 20d. llh. 38m. 24g. 

Equation of fime (add), - 7 36 

Equinox, clock time (Greenwich), 20 d. 11 h. 46 m. 

(43.) The two triangles, US op mi opQy, are really obliquity 
spherical triangles ; but triangles on a sphere whose sides are ^r the eciip. 
less than a degree may be regarded as plane triatfgles, with- \^^j^^ ^^ 
out any appreciable error. In the triangle USop, 
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Chap, m . and, if we regard these seconds of arc as mere numerals, and 

calculate the angle E^ S,^^ find it 23° 27' 43" ; which is 

the obliquity of the ediptid 

Bim's Ion. jj^y computivff the length of the line SI^^ tee find it 69' 30" ; 

'^ *' which UHzs the variation in the stm^s lonffiUide, between the noon of 

the 20th and 21st. 

Both longitude and right ascension are reckoned from the 
equinoctial point qp : longitude along the line ^ iT ( which 
line is called the ecliptic), and right ascension along the 
celestial equator qp Q. 

Computing the length of the line qp i\^ we find it equal to 
30' 36".6 ; which was the sun's longitude at the instant of 
apparent noon, at Greenwich, March 21st, 1846. 
Latitude, Meridians of right ascension are at right angles to the celestial 
in astrono. gquator ( at right angles to ^ Q). The first meridian runs 
what line through the point qp- Meridians of latitude are at right 
reckoned, angles to the ecliptic (at right angles to the line >S> JT). La- 
titude, in astronorm/, is reckoned north and soiUh of the ecliptic. 

Thus a star at m (Fig. 5), <ip n would be its longitude, nm 
its north latitude , t o its right ascension , and om its north 
declination. 
Path of the (44.) Thus, it may he perceived, that these observations 
"**• are very fruitful in giving important results ; but, as yet, we 

have used only two of them — those made on the 20th and 21st. 
By bringing the other observations into computation, and 
extending Fig. 5, we can find the points where the sun was 
on the other days mentioned ; and then, by taking observa- 
tions every day in the year, the sun's right ascension and lon- 
gitude can be determined for every day, and its exact path- 
Length of ^<^y through the apparent celestial sphere. The same kind 
a year, how of observations taken on the 20th, 21st, 22d, 23d, and 24th 
days of September, will show when the sun crosses the equa- 
tor from north to south;, and how long it remains north of the 
equator, and how long south of it. In March, 1847, the 
same observations might have been made, and the exact 
length of an equinocHal year determined : and in this way that 
important interval has been decided, even to seconds. 

The true length of an equinootial year was early a very 



Digitized by VjOOQIC 



Dayi. I 


bonri 


. mia. 


••OS 


865 


5 


55 


12 


365 


5 


48 


45 


865 


5 


48 


57 


365 


5 


48 


52 


365 


5 


48 


45 


865 


5 


48 


49.7 



80LAR YEAR 87 

interesting problem to astronomers; and, before they bad chaf« m . 
good clocks and refined instruments, it was one of some diffi- 
culty to settle. But the more the difficulty, the greater the 
zeal and perseverance ; and we are often astonisbed at tbe 
accuracy which the ancients attained. 
The length of tbe equinoctial year, as stated in the tables of 

Ptolom^e, is • - - 

Tycho Brahe, made it - 

Kepler, in his tables, - 

M. Cassini, iii his tables, - 

M. De Lalande, - - - 

Sir John Herschel, - - - 
The last cannot differ from the truth more than (me or two soiu and 
seconds. Let the reader notice that this is the equinoctial "^^•'•^ 
year — the one that must ever regulate the change of sea- 
sons. There is another year — the sidereal year — which is 
about 20 minutes longer than the equinoctial year. The side' 
real year is the time elapsed from the departure of the sun 
from the meridian of ant star, until it arrives at the same 
meridian agcdn, and consists of 365 d. 6 A. ^m, 9 s. 

As the stars are reaUy the fixed points in space, this latter Cans* of 
period is the apparent revolution of the sun ; and the shorter ^»^"*'»**' 
period, for the equinoctial year, is caused by the motion of 
the equinoctial points to t^e westward, called the precession 
of the equinoxes. Since astronomers first began to record 
observations, the fixed stars have increased, in right ascension, 
about 2 hours in time, or 30 degrees of arc. 

The mean annual precession of the equinoxes is 50'M of 
arc ; which will make a revolution, among the stars, in 25868 
years.* 

* The compatation is thus : As 50'M is to the number of seconds in 
360 degrees ; so is one year to the number of years. Which gives 
S5868 years, nearly. 

We say, the stars increase in right ascension ; and this is true ; but 
the stars do not move— they are fixed : the meridian moves from the 
itars. 
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/ CHAPTER IV. 

GXOGRAPHT OJ THJ BSAYXKt. 

^^iJJ* (^^O ^^B ^cd s^^s are the only landmarks in astrono« 
Gronps of my, in respect to both time and space. They seem to have 
been thrown aboat in irregolar and ill-defined groups and 
clusters, called ctmstellatiom. The individuals of these groups 
and clusters differ greatly as to brightness, hue, and color ; 
but they all agree in one attribute — a high degree of perma- 
nence, as to their relative positions in the group; and the 
groups are as permanent in respect to each other. This has 
procured them the title of Jixed stars; an expression which 
must be understood in a comparative, and not in an absolute, 
sense; for, after long investigation, it ^ ascertained that 
some of them, if not all, are in motion; although too slow to 
be perceptible, except by very delicate observations, conti- 
nued through a long series of years. 
Magni. The stars are also divided into different classes, according 
•ton! * * *^ *^®^^ degree of brilliancy, called magnitudes. There arc 
six magnitudes, visible to the naked eye ; and ten telescopic 
magnitudes — in all, sixteen. 

The brightest are said to be of the first magnitude ; those 
less bright, of the second maffniiude, etc. ; the sixth magni- 
tude is just visible to the naked eye. 
One stor The stars are very unequally distributed among these 
of the first classes; nor do all astronomers agree as to the number be- 
magnitn . i^jjjgj^g ^q each; for it is impossible to tell where one class 
ends, and another begins; nor is it important, for all this is 
but a matter of fancy, involving no principle. In the first 
magnitude there is really but one star ( Siritis ) ; for this is 
manifestly brighter than any other; but most astronomers 
put 15 or 20 into this class. 

The second magnitude includes from 50 to 60 ; the third, 
about 200, the numbers increasing very rapidly, as we descend 
in the scale of brightness. 
From some experiments on the intensity of light, it has 
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been determined, that if we put the light of a star, of the Cbat, rr. 
Qsoerage let magnitade, 100, we shall haye : 

1st magnitude = 100 4th magnitade = 6 
2d " = 25 5th " =2 

3d " = 12 6th " =1 

On this scale/Sir WilliUm Herschel placed the brightness of 
Sirins at 320. ^ 

Ancient astronomy has come down to us much tarnished 
with superstition, and heathen myifvotogy. Every constella- 
tion bears the name of some pagan deity, and is associated 
with some absurd and ridiculous fable; yet, strange as it may 
appear, these masses of rubbish and ignorance — these clouds 
and fogs, intercepting the true light of knowledge, are still 
not only retained, but cherished, in many modem works, and 
dignified with the name of astronomy. 

Merely as names, either to constellations or to individual Ancient 
stars, we shall make no objections; Und it would be useless, f^** ""* 
if we did ; for names long known, will be retained, however nned. 
improper or objectionable ; hence, when we speak of Oncw, 
the IMe Dog^ or the Qreat Bear^ it must not be understood 
that we have any great respect for mythology. 

It is not our purpose now to describe the starry heavens — 
to point out the variaMe, daMe, and multiple stars — the 
MUb/ Way and ndndcB ; these will receive special attention 
in some future chapter: at present, our only aim is to point 
out the method of obtaining a knowledge of the mere ap- 
pearance of the sky, to the common observer, which n^y be 
called the geography of the heavens. 

To give a person an idea of locality, on the earth, we refer 
to points and places supposed to be known. Thus, when we 
say that a certain town is 15 miles north-west of Boston, a 
ship is 100 miles east of the Oape of Good Hope, or a cer- 
tain mountain 10 miles north of Calcutta, we have a pretty 
definite idea of the localities of the town, the ship, and the 
mountain, on the face of the earth, provided we have a clear 
idea of the face of the earth, and know the position of Boston, 
the Cape of Good Hope, and Calcutta. 

So it is with the geography of the heavens; the apparent 
4 
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Chap, iv . surface of the whole heavens must be in the mind, and then 
the localities of certain bright stars must be known, as land' 
marks f like Boston, the Cape of Good Hope, and Calcutta. 

Stan about ^q ghall now make some effort to point out these land' 

* ^ ' marks. The North Star is the first, and most important to 
be recognized ; and it can always be known to an observer, in 
any northern latitude, from its stationary appearance and Alti- 
tude, equal to the latitude of the observer. At the distance of 
about 32 degrees from the pole, are seven bright stars, between 
the 1st and 2d magnitudes, forming a figure resembling a 
dipper y four of them forming the cup, and three the handle. The 
two forming the sides of the cup, opposite to the handle, aio 
>lways in a line with the North Star ; and are therefore called 
pointers : they dtoays point to the North Star. The line join- 
ing the equinoxes, or the first meridian of right -ascension, 
runs from the pole, between the other two stars forming the 
cup. The first star in the handle, nearest the cup, is called 
Alioth, the next Mizar, near which is a small star, of the 4th 
magnitude; the last one is Benetnasch. The stars in the 
handle are said to be in the taU of (he Great Bear. 

About four degrees from the pole star, is a star of the 3d 
magnitude, • Ursa& Minoris. A line drawn through the pole 
(not pole star) and this star, will pass through, or very near, 
the poles of the ecliptic and the tropics. A small constella- 
tion, near the pole, is caUed Ursa Minor, or the Little Bear. 
An irregular semicircle of bright stars, between the dipper 
and the pole, is called the Serpent. 

imaginaxy jf a Une be drawn from • Urscs Minoris, through the pole 
rtarto ^ ^tax, and continued about 45 degrees, it will strike a very 
beautifiil star, of the 1st magnitude, called Capella. Within 
five degrees of Capella are three stars, of about the 4th mag- 
nitude, forming a very exact isosceles triangle, the vertical 
angle about 28 degrees. A line drawn from Mioth, through 
the pole star, and continued about the same distance on the 
other side, passes through a cluster of stars called Cassiopia 
in her chair. The principal star in Cassicpea, with the pole 
star and Capella, form an isosceles triangle, CapeUa at the 
vertex. 
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( 46. ) More attention has been paid to the constellations Cha»^. 
along the equator and ecliptic, than to others in remoter Eciipti« 
regions of the heavens, because the sun, moon, and planets, ^*"*- 
traverse through them. The ecliptic is the sun's apparent 
annual path among the stars ( so called because all eclipses, 
of both sun and moon, can take place only when the moon is 
either in or near this line ). 

Eight degrees on each side of the ecliptic is called the Sigu of 
zodiac; and this space the ancients divided into 12 equal**""**"* 
parts ( to correspond with the 12 months of the year ), and 
each part (30^) is called a 9^fn — and the whole, the 
signs of ike zodiac. These divisions are useless ; and, of late 
years, astronomers have laid them aside; yet custom and 
superstition will long demand a place for them in the common 
almanacs. 

The signs of the zodiac, with their symbolic characters, are 
as follows: Aries qp, Taurus ^ , Oendni n, Cancer g^, Leo SI, 
Vir^ TTji, Libra ^, Scorpio ni, SagiUariua $ , Capricomus VJ, 
Aquarius OX, Pisces X- 

Owing to the precession of the equinoxes, these signs do 
not correspond with the constellations, as originally placed : 
the variation is now about 30 degrees; the stars remain in 
their places ; and the first meridian, or first point of Aries, 
has drawn back, which has given to the stars the appearance 
of moving forward. 

Beginning with the first point of Aries as it now stands, Mathodof 
no prominent star is near it ; and, going along the ecliptic to tn^^^ns ti>« 
the eastward, there is nothing to arrest special attention, 
until we come to the Pleiades, or Seven Stars, though only 
six are visible to the naked eye. This little cluster is so well 
known, and so remarkable, that it needs no description. South- 
east of the Seven Stars, at the distance of about 18 degrees, 
is a remarkable cluster of stars, said to be in the BvWs Head; 
the largest star in this cluster is of ihe 1st magnitude, of a 
red color, called Aldeharcm. It is one of the eight stars se- 
lected as points from which to compute the moon's distance, 
for the assistance of navigators. 

This cluster resembles an A when east of the meridian, and 

D* 
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^^* ^ ' a V when west of it. The Seven StarSy Aldebarariy and Ca- 
pellet, form a triangle very nearly isosceles — Capella at the 
vertex. A line drawn from the Seven Stars, a little to the 
west of AMebaran, will strike the most remarkable constella- 
tion in the heavens, Orion ( it is out of the zodiac, however ) : 
some call it the Ell and Yard. The figure is mainly distin- 
guished by three stars, in one direction, within two degrees 
of each other ; and two other stars, forming, with one of the 
three first mentioned, another line, at right angles with the 
first line. 

The five stars, thus in lines, are of the 1st or 2d magnitude. 
A line from the Seven Stars, passing near Aldd>ar(m and 
through Orionf will pass very near to Sirius, the most bril- 
liant star in the heavens. The ecliptio passes about midway 
between the Seven Stars and Aldebaran, in nearly an eastern 
direction. Nearly due east from the northernmost and bright- 
est star in Orion, and at the distance of about 25 degrees, is 
the star Procycm; a bright, lone star. • 

The northernmost star in Orixm^ with ^rius and Procyan, 
form an equilateral triangle. 
Th« con- Directly north of Procyon, at the distances of 25 and 30 

iteDatUms ^ecnrees, are two bright stars, Cast^ir and PoUttx, Castor is 

araaboTethe o ' r^ ,t . i. i .17 

horizon, and the most northern. PoUux is one of the eight luncsr stars, 
▼faibio every Q^^g -^q nuglit ruu ovcr that portion of the heavens which is 
ring ^ win- ^^^^ visiblo to US, and by this method every student of astro- 
ter season, nomy Can render himself familiar with the aspect of the sky ; 
but it is not sufficiently definxie and sdenHfic to satisfy a ma- 
thematical mind. 

( 47. ) The only scientific method of defining the position 

of a place on the earth, is to mention its laiihide and longitude; 

and this method fully defines any and every place, however 

' unimportant and unfrequented it may be : so in astronomy, the 

only scientific methods of defirmg the position of a star, is to 

mention its hixtude and longitude, or, more conveniently, its 

General ^-^^ oscension and declination. 

and indefi- It is not Sufficient to tell the navigator that a^joast makes 

^te descnp- ^^ ^ ^^^^ ^ direction from a certain point, and that it is so 

nons not sa- r » ^ ^ 

tbfketoiy. f&r to a Certain cape ; and, from one cape to another, it is 
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xJbovi 40 miles south-west — he would place very little reli- chap. rv. 
ance on any such directions. To secure his respect, and what con- 
command his confidence, the latitude and lofngitude of every »'»*"*••» *•• 
point, promontory, river, and harbor, along the coast, must be .cnption. 
given; and then he can shape his course to any point, or 
strike in upon it from the indefinite expanse of a pathless sea. 
So with an astronomer; while he understands and appreciates 
the T<mgh and general descriptions^ such as we have just given, 
he requires the certain description, comprised in ri^ht ascension 
and declination. 

Accordingly, astronomers have given the right ascensions 
and declinations of every visible star in the heavens ( and of 
very many that are invisible ), and arranged them in tables, 
in the order of right ascension. 

There are far too many stars, for each to have a proper iohn Bay- 
name;* and, for the sake of reference, Mr. John Bayer, of ^J^^^ 
Augsburg,. in Suabia, about the year 1603, proposed to denote 
the stars by the letters of the Greek and Eoman alphabets ; 
by placing the first Greek letter * to the principal star in 
the constellation, $ to the second in magnitude, y to the 
third, and so on; and if the Greek alphabet shall become 
exhausted, then begin with the Roman, a, 5, c, etc. 

" Catalogues of particular stars, in sections of the heavens, Pazticniaf 
have been published by different astronomers, each author ®**^**«**** 
numbering the indlYidual stars embraced in bis list, according 
to the places they respectively occupy in the catalogue." 
These references to particular catalogues are sometimes 
marked on celestial globes, thus : 79 H, meaning that the 
star is the 79th in Herschel's catalogue; 87 M, signifies the 
37th number in the catalogue of Mayer, etc. 

Among our tables will be found a catalogue of a hundred 
of the principal stars, inserted for the purpose of teaching a defi- 
nite and sderSfU method qf making a learner acquainted with ffie 
geography qfUie heavens. 

To have a clear understanding of the method we are about 
to explain, we again consider that right ascension is reckoned 
from the eqtdnox, eastward along the equator, from Oh. to 
24 hours. When the sun comes to the equator, in March, its 
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Chap. IV . right ascension is ; and from that time its right ascension 

increases about four minutes in a day, throughout the year, 

to 24 hours ; and then it is again at the equinox, iod the 24 

hours are dropped. 

When it is "^^* whatever be the right ascension of the sun, it is appa- 

apparant rent noonwheu it comes to the meridian; and the more east- 

^^^ ward a body is, the later it is in coming to the meridian. Thus, 

if a star comes to the meridian ai two o^dock in the afternoon 

( apparent time ), itis because its right ascension is two hours 

OBEATBB than the rigU ascension of the sun. 

Therefore, if from the right ascension of a star we subtract 

the right ascension of the sun, the remainder will be the time 

for that star to come to the meridian. 

Connection ^ ^® P^* ( i2 * ) to represent the star's right ascension, 

between^ R, and (i2 Q) to represent that of the sun, and Tjbo represent 

ridiaa w- ^^ <^^ppareni time that the star passes the meridian, then we 

n^ shall have the following equation : 

By transposition . . i2*=JKo+^» 
That is, the rigfd ascension of a star ( or arvy cdestial hody ), is 
equal to the right ascension of the sun, increased by the time thai 
the star ( or body ) comes to the meridian. 

The right ascension of the sun is given, in the Nautical 
Almanac ( and in many other ahnanacs ), for every day in the 
year, when the sun is on the meridian of Greenwich; but 
many of the readers of this work may not have such' an alma- 
nac at hand, and, for their benefit, we give the right ascen- 
sion for every fifth day of the year 1846 ( Table HI) : the 
local time is the apparent noon at Greenwich. 

We take the year 1846, because it is the second year after 
leap year ; and the sun's right ascension for any day in that 
year, will not differ more than two minutes from its right 
ascension, on the same day, of any other year ; and wiU cor- 
respond with the right' ascension of the same day in 1850, by 
adding 7^ seconds ; and so on for each succeeding period 
of four years. 

To apply the preceding equation, the observer should ad- 
just his watch to apparent time; that is, apply the eqitation 
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of time, and know the direction of his meridian, at least C HAy. it . 
approximately. In short, by the range of definite objects, 
he must be able to decide, within ^100 or three ndntUeSy when a 
celestial body is on his meridian. 

Thus, aU prepared, we will give a few 

SXAMPLSS. 

1. On the 20ih qf May ( no matter what year, if not many £zampiM 
years from 1850), m the taHtude rf 40° iV:, and hngiiude of ^^^ »*"•• 
80^ F!, at 9A. 24m. in the eeemng, dock time, I obeerved a 
lone, briffhi star, 0/ about the 2d magmJtudej an the meridian. It 
had a bland, white light; and, as J had no instrument to mea" 
sure its aUiiudey I sitn^y judged it to be 42^. What star 
toas it? 
We decide the question thus : 

Time per watch, - « - 

Equation of time ( see Table ), add 

Apparent time, ... 

Lon. 80^ W., equal, in time, to « 

Apparent time, at Greenwich, - 14 47 46 

The right ascension of the sun, on the 20th of May (noon, 
Greenwich time ), is 3 h. 47 m. 15 s. ( see Table m). The •' ^ "»'• 
increase, estimated at the rate of 4 minutes in 24 hours, will 
giyo 1 minute in 6 hours, or 10 seconds to 1 hour; this, for 
14Ti. 47 m., ^ves2m. 27 s. 

Hence, the right ascension of the son, at the Urns of obser* 
vation, was .... 3b. 49m. 42s. 

Apparent time of observation, - 9 27 46 

Eight ascension of the star, - - 13 h. 17 m. 28 s. 

By inspecting the catalogue of the stars ( Table 11 ), we 
find the right ascension of Spiea to be 13 h. 17 m. 08 s., and its 
declination, 10° 21' 35". 

But, in the latitude of 40^ N., the meridian altitude of the 
celestial equator must be 50^ ; and any stars south of that 
must be of a less altitude. Therefore, the meridian altitude 
of Spica must be 50^ less 10° 21', or 39° 39'; but the star 
I observed, I simply judged to have had an altitude of 42^. 
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Chap. iv. It is Yerj possible that I should err, in altitude, two or three 

degrees ; * but, it is not possible that the star I chservfid should 

be amf other star than Spica ; for there is no other bright star 

near it. This is one of the lunar stars. 

Personal Being now certain that this star is Spica, I can observe it 

observatioM j^ relation to its appearance — the small stars that are near 

recommend- ''-*- 

9d. it, and the clusters of stars that are about it — or the fact, 

thatvno remarkable constellation is near it. In short, I can 
so make its acquaintance as to know it ever after ; but I am 
unable to convey such acquaintance to others, by language : 
true knowledge, in this particular, demands personal obser- 
vation, 
conttana. g. On the 3df day of My, 1846, (rf 9 A. 84 w., P. M., mean 

tionofexam- ^ •' ^* • . _. 

pies to find ^^ P^ watch, a star of the 1st magmJtude came to the mervdmn, 
rtars. j^gjos in loiitvde 39° iV., and about 75° W. The star was of 

a deep red cotor, aad^ as near as my jwdgmerA could decide, its 
diiiiwde vios between 25^ aind 30^. Two small stars were near 
it, and a remarkable cluster of smaller stars were west and north' 
westofU, at Hie distances of ^^,Q^,or7^. What star was this? 
Time per watch, - - - - 9 h. 34 m. 00 s* 
Equa. of time ( subtr. &om mean time ) 3 48 

Apparent time, - - - - 9 30 12 
Longitude, 76°, equal to - - 6 

Apparent time, at Greenwich, - - 14 h. 30 m. 00 & 
By examining the table for the sun's R. A., I find that. 
On the 1st of July, it is - - 6h. 40m. 00 s. 
On the 5th, ... - 6 56 30 

Variation, for 4 days, ... 16 m. 30 »• 

At this rate, the variation for 2 days, 14^ hours, cannot be 

• Ten or twenty degrees, near the horizon, is apparently a much 
larger qwce than the same number of de{|rrees near the zenith. Two 
stars, when near the horizon, appear to be at a greater distance asunder 
than when their altitudes are greater. The variation is a mere optica] 
illusion; for, by applying instrumenti, tQ mea9ui» the angle in the 
di^erent situations, we find it the same. Unless this fact is taken into 
consideration, an observer will always conceive the altitude of any ob- 
ject to be greater than it really is, especially if the altitude is less than 
45 decreet. 
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far from 10 m. 10 s.; and the right ascension of the snn, at Obat nr 

the time of observation, must have been An •xun. 

Nearly t\h. bQ m. 10 s. ^:i;^ 

To which add, apparent time, - - 9 30 1 2 
Right ascension of the star, - - 16 h. 20 m. 22 s. 
By inspecting the catalogue of stars, I find ArUareB to have 

a right ascension of 16h. 20m. 2s. and a declination of 26<^ 4', 

south. 

In the latitude mentioned, the meridian altitude of the 

celestial equator must be - - - 50° 0' 
Objects «0tt^^<Aa/j5Zan«mtw^AeZc5«,A6ncc (sub.) 26 4 
Meridian altitude of Antares, in lat. 50°, 23° 56 

As the observation corresponds to the right ascension of An^ 
tares ( as near as possible, considering errors in observation, 
and probably in the watch ), and as the altitudes do not 
differ many degrees ( within the limits of guess work ), it is 
dertain that the star observed was Aktaris. By its peculiar 
red eoloTy and the remarkable clusters of stars surrounding it, 
I shall be able to recognize this star again, without the 
trouble of direct observatioa 

3. On the niffht of the 2{Hh of June, 1S46 JatUude4(}^Ii^,, and to£U 
•lonffkude 75° F!, erf 1 A. 48«k past midrdght, dock tme, I6(h ^**»'- 
served a ssUir of the \st mapniiude nearly an the mendian; two 
other stars J of about Ae Bd magnitude, within ^^ofit; the three 
gtam forwxng nearly a right line^ north and south; the altitude 
(f the prineyiHxl star nhwi 60°. What star was Uf 

In these examples, the time must be reckoned on from noon 
to noon again ; therefore 1 h. 48 m. after midnight must be 
written, 

Equation of time, to subtract, - 

Apparent time, - * - - 

Longitude, - - - - 

Greenwich apparent time, June 20, 

Sun's right ascension, at this time, 
Time, - - * - • • 

Star's right ascencdon, ^ - - 19 h. 44 m. 288. 
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Chap. IV. 



Th« South. 



By inspectmg the catalogue of stars, we find tlie right 
ascension of Mtair 19 h. 43 m. 15 b,, and its declination 8^ 
27' N. In latitude 40° N., the declination of 8° 27' N. will 
give a meridian altitude of 58^ 27' ; and, in short, I know 
the star observed must be AUairy and the two other stars, 
near it, I recognize in the catalogue. 

By taking these observations, any person may become ac- 
quainted with all the principal stars, and the general aspect 
of the heavens; but no efforts, confined merely to the study 
of books, will accomplish this end. 

The equation in Art. 47 is not confined to a star; it may 
be any heavenly body, moon, comet, or pkmei. The time of 
passing l!he meridian is but another term for right ascension. 
If observations are made on any bright star, and no corre- 
sponding star is found in the catalogue, such a star would 
probably be a planet; and if a planet, its right ascension 
will change. 

(48. ) The whole region of stars south of declination 50^; 
ud Mac«i- iB never seen in latitude 40^ north, nor from any place north 
i«a cbndi. of i}j^g^ parallel ; and, to re^ster these stars in a catalogue, it 
has been necessary for astronomers to visit the southern 
hemisphere, as we have before mentioned; but these stars 
are mostly excluded from our catalogues. There are several * 
constellations, in the southern region, worthy of notice — the 
Southern Cross and the MagdUm Clauds, The Southern 
Cross very much resembles a cross ; so much so, that any 
person would give the constellation that appellation. Its 
principal star is, in right ascension, 12 h. 20 m., and south 
declination 33^. 

The Magellan Clouds were at first supposed to be clouds 
by the navigator Magellan, who first observed them. They 
are four in number ; two are white, like the Milky Way, and 
have just the appearance, of little white clouds. They are 
nf^mUe. The other two are black — extremely so — and are 
supposed to be places entirely devoid of all* stars ; yet they 
are in a very bright part of the Milky Way: right ascen- 
sion 10 h. 40 m., declination 62^ south. 
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SECTION II. 
DESCRIPTIVE ASTBONOMY. 



CHAPTER I. 

IIBBT 00N8IDSRATI0NS AS TO THB DISTANCES OF THE HEAYXNLT 
BODUS. SIZE AND EXACT PIGUBB OF THB EABTH. 

( 49.) Hitherto we have con- ^'S' ^• 

sidered only appearances, and 
have not made the least inqtdry 
as to the nature, magnitude, or 
distanced of the celestial objects. 

Abstractly, there is no such 
thing as great and small, near 
and remote ; rdaUvely speaking, 
however, we may apply the terms 
great, and very great, as regards 
both magnitude and distance. 
Thus an error of ten feet, in the 
measure of the length of a 
building, is very great — when 
an error of ten rods, in the mea- 
sure of one hundred miles, would 
be too trifling to mention. 

Now if we consider the dis- 
tance to the stars, it must be 
relative to some measure taken 
as a standard, or our inquiries 
will not be definite, or even in- 
telligible. We now make this 
general inquiry r Are the heavenly bodies Tiear to, or remote from^ 
the earth? Here, the earth itself seems to be the natural 
standard for measure ; and if any body were but two, three, 
or even ten times the diameter of the earth, in distance, wo 
4 I 



Cha». L 




Ara th* 
hdareiily bo- 
dies ramoto? 
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Chap^ should call it near; if 100, 200, or 2000 times the diameter 
of the earth, we should call it remote. To answer the 
inquiry, Are the Jieaverdy bodies near or remote f we must put 
them to all possible mathematical tests ; a mere opinion is of 
no value, without the foundation of some positive knowledge. 
Let 1, 2 ( Fig. 6 ), represent the absolute position of two 
stars ; and then, if AB C represents the circumference of tho 
earth, these stars may be said to be near ; but ]f abc repre- 
sents the circumference of the earth, the stars are many timefl 
the diameter of the earth, in distance, and therefore may 
Tiie meaiia be Said to be remote. If AB C is the circumference of 
tiii» i^Miiol *^^ earth, in relation to these stars, the apparent distance of 
pouted oat. the two stars asundfir, as seen from A, is measured by the 
angle 1 A 2 ; and their apparent distance asunder, as seen 
from the point B, is measured by the angle 1 B 2 ; and when 
the circumference AB Cia very large, as represented in our 
figure, the angle A, between the two stars, is manifestly 
greater than B. But if a 5 c is the circumference of the 
earth, the points a and h are relatively the same as A and B. 
And, it is an ocular demonstration that the angle under which 
the two stars would appear at a is the same, or nearly the 
same, as that under which they would appear at h; or, at 
least, we can conceive the eai1;h so small, in relation to the 
distance to the stars, that the angle under which two stars 
would appear, would be the .same seen from any point on the 
earth. 
The con. Conversely, then, if the angle under which two stars appear 
is the same as seen &om all parts of the earth's surface, it is 
certain that the diameter of the earth is very small, compared 
with the distance to the stars ; or, which is the same thing, 
the distance to the stars is many times the diameter of the earOu 
Therefore observation has long since decided this important 
point. Sir John Herschel says : " The nicest measurements 
of the apparent angular distance of any two stars, twfer se^ 
taken in any parts of their diurnal course ( after allowing for 
the unequal effects of refraction, or when taken at such times 
that this cause of distortion shall act equally on both ), mani- 
fest mat the slightest perceptible variation. Not only this, but 
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at whatever point of the earth's snrfaoe the measurement is OuikJ. 
performed, the results are absolfiUiff identical. No instnunents 
ever yet invented by man are delicate enough to indicate, by 
an increase or diminution of the angle subtended, that one 
point of the earth is nearer to or farther from the stars than 
another." 

(50.) Perhaps the follomng view of this subject will be AnothM 
more intelligible to the general reader. ""ST^^^'^t 

Let^MN * p- y distance to 

ff represent ' *^••*"•• 

tl» celestial 
equator, as 
seen ^m the 
equator on 
the earth; and 
if the earth be 
laj^, in rda- 
Hon to the 
distance to 
the stars, tiie 
obser?er w31 
be at / ; and 
the part of the 

celestial arc above his horizon would be represented by -4 Z ^, 
' and the part below his horizon by A NB^ and these arcs are ob- 
viously unequal; and their relation would be measured by the 
time a star or heavenly body remains above the horizon, com- 
pared with the time below it ; but by observation ( refraction 
being allowed for ), we know that the stars are as long above 
the horizon as they are below; which shows that the ob- 
server is not at z\ but at z, and even more near the center ; 
so that the arc J. Z -B, is imperceptibly unequal to the arc H 
NH\ that is, they are equal to each other; and the earth 
is comparatively but a point, in relation to the distance to 
the stars. 

This fact is well establiahed, as applied to the fixed starSy Th® »<><» 
«*», b.tA planets ; but tdth the moon it is different: that body Son. "°*' 
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<^»^*^' is longer below the horizon than above it; which shows thai 
its distance from the earth is at least measurable. 

( 51.) It is improper, at present, or rather, it is too advanced 
an age, to pay any respect to the ancient notion, that the earth 
is an extended plane, bounded by an unknown space, inacces- 
sible to men. Common intelligence mast convince even the 
child, that the eaxth must be a large ball, of a regolar, or an 
irregular shape; for every one knows the fact, that the eaxth 
has been many times circunmavigated; which settles the 
question. 
Earth*! In addition to this, any observer may convince himself^that 
•uftM eonp the surface of the sea, or a lake, is not a plane, but everywhere 
convex ; for, in coming in from sea, the high land, back in the 
country, is seen before the shore, which is nearer the observer; 
the tops of trees, and the tops of towers, are seen before their 
bases. K the observer is on shore, viewing an approaching 
vessel, he sees the topmast first ; and from the top, downward, 
the vessel gradually comes in view. This being the case on 
every sea, and on every portion of the earth, proves that the 
surface of the earth is convex on every part — hence if must 
be a globe, or nearly a globe. These facts, last mentioned, 
are sufficiently illustrated by 

Fig. 8. 



( 52.) On the supposition that the earth is a sphere, there 

are several methods of measuring it, without the labor of 

applying the measure to every part of it. The first, and 

most natural method (which we have already mentioned), is 

that of measuring any definite portion of the meridian, and 

from thence computing the value of the whole circumference. 

How to Thus, if we can know the number of degrees, and parts of 

find th. cir. ^ ^Qgj^QQ in the arc A B (Fig. 9), and then measure the dis- 

of the earth, tance in miles, we in fact virtually know the whole circumfe- 
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How t* 



rcnoe; for whatever part the arc -4 jB is of 360 degrees, the cka>,L 
game part, the number of miles isxAB,is of the miles in the 
whole circumference. 

To find the arc A B, the latitudes of the two points, A and 
jB, must be very accurately taken, and their difFerence will 
give the arc in degrees, nunuieSy and seconds. Now A B must 
bo measured simply in distance, as miks, yards, or f^; but 
this is a laborious operation, requiring great care and perse- 
verance. To measure directty any considerable portion of a 
meridian, is indeed impossible, for local obstructions would 
soon compel a deviation from any definite line ; but still the 
measure can be continued, by keeping an account of the de- 
viations, and reducing the measure to a meridian line. 

Let m be the miles or feet in -4 ^ ; then the whole circum- 
^ ^ / 360 wi \ 
ference will be expressed by [tzTj^/. 

(53.) When we know the 
hight of a mountadn, as re- 
presented in Fig. 9, and at 
the same time know the dis- 
tance of its visibility from 
the surface of the. earth; 
that is, know the line MA ; 
then we can compute the 
line if (7, by a simple theo- 
rem in geometry ; thus, 
CMXMB=:^CAM)'; 

Now as the right hand 
manber of this equation is known, CM is known ; and as 
part of it ( MB ) is already ^known, the other part, B (7, the 
diameter of the earth, thus becomes known. 

This method would be a very practical one, if it were not oi^ImUw 
for the uncertainty and variable nature of refraction near the ^ thu ■•• 
horizon ; and for this reason, this method is never relied upon, 
although it often well agrees with other methods. As an ex- 
ample under this method, we give the foUowii^: 
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Omji^'t, A mountain, two miles in perpendicular hight, was seen 
from sea at a distance of 126 miles. If these data are cor- 
rect, what then is the diameter of the earth? 

Solution: irC=-!^^^ =63x126=7938. 5(7=7986. 

Dipof tiM (&4*) This same geometrical theorem serves to compute 
the dip of the horizon. The true horizon is a right angle from 
the zenith ; but the navigator, in consequence of the motion 
of his vessel, can never use the true horizon ; he must use 
the sea offing, making allowance for its dip. If the naviga- 
tor's eye were on a level with the sea, and the sea perfectly 
stable, the true and apparent horizon would be the same.. 
But the observer's eye must always be above the sea ; and 
the higher it is, the greater the dip ; and the amount of dip 
will depend on the hight of the eye, and the diameter of the 
earth. The difference between the angle A MO ( Fig. 9 ), 
and a right angle ( which is the same as the angle A EM), 
is the measure of the dip corresponding to the hight BM. 

For the benefit of navigators, a table has been formed, 
showing the dip for all common elevations.* 

*■ The dip is computed thus : 

Thtt ufto 
wl th* e«nt.r Put BC (Fig. 9) =; A BM:=^h\ 

ii •qnal to /J) 

thidip. Then EM^ (^+^); and(if^)»«Carxi«=(i>+A)^. 

By trigonometry, (EAy : {MAy : : -B^ : tan.*-4^ilf; 
r, * That is, . - . -_ :(i>-fA)A:: R* : tan.«-4^Jf. 

I For very moderate elevations, h is extremely small, in rela-^ 

' tion to D ; and the second term of the proportion may b» 

Dh, (R represents the radius of the tables.) Making thi» 

consideration, we have 





^.Dh.'.B*: tui,*ASMi 


Or, - 


- i> : A : : 4fi» : tKi,*A£IM; 


Or.. 


• JB: jA.'.fUt: UauiXM. 
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( 55. ) All such computations are made on tbe supposition Cba? . l 
that tbe earth is exactly spherical; and it is, in fact, so nearly 
spherical, that no corrections are required in consequence of 
its deviation from that figure. 

After correct views began to be entertained, as to the mag- Th« •arth 
nitude of the earth, and its revolution on an axis, philosophers "®* •M«tiy 
concluded that its equatorial diameter might be greater than 
its polar diameter; and investigations have been made to 
decide the fact. 

If the earth 'were exactly spherical, it is plain tKat the cur- 
vature over its surface would be the same in every latitude ; 
but if not of that figure, a degree would be longer on one part 
of the earth than on another. " But," says Herschel, "when 
we come to compare the measures of meridional arcs made in 
various parts of the globe, the results obtained, although they 
agree sufficiently to show that the supposition of a sphericel 
figure is not very remote from the truth, yet exhibit discord- 
ances far greater than what we have shown to be attributable 
to error of observation ; and which render it evident that the 
hypothesis, in strictness of its wording, is untenable. The 
following table exhibits the lengths of a degree of the meri- 
dian (astronomically determined as above described), ex- 

By inspecting this last proportion, it will be perceived that 
the tangent of the dip varies as the square root of the eleva- 
tion. To apply this proportion, we adduce the following 
problem : 

The diameter of the earth is 7912 miles ; the elevation of 
the eye, above the surface, is ten feel. Whcd is the dipf 



2i2 . . log. 


10.301030 


JT. .log. 


.500000 


Product of the means (log.), - - - - 


10.801030 


D mileB, 7912, - - log. - 3.898286 




Feet, - 6280, - - log. - 8.722634 




2 ) 7.620920 




V^Dinfeet, - - (log.) 3.810460 . 


. 3 810460 



tan. 3' 22" - - - 6.990670 
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Cmy» I* pressed in British standard feet, as resulting from actual 
measurement, made with all possible care and precision, by 
commissioners of various nations, men of the first eminence, 
supplied by their respective governments with the best instru- 
ments, and furnished with every facility which could tend to 
insure a successful result of their important labors. 



Coontfjr. 


Latitude 

of Middle of 

the Arc. 


Are 
measared. 


Length of 

Decree 
concladed 


Obienren. 


Sweden ...' 

Russia 

Engrland 

France 

France 

Rome 


66 2010 
58 17 37 
52 35 45 
46 52 2 
44 51 2 
42 59 
39 12 
3318 30 
16 8 22 
12 32 21 
1 31 


1037' 19" 
3 35 5 
3 57 13 
820 
12 22 13 

2 9 47 
1 28 45 
1 13 17* 

15 57 40 
1 34 56 

3 7 3 


365782 
365368 
364971 
364872 
364535 
364262 
363786 
364713 
363044 
363013 
362808 


Svanberg. 
Struve. 
Roy, Kater. 
Lacaiile, Cassini. 
Delambre, Mechain. 
Boscovich, 
Mason, Dixon. 
Lacaiile. 
Tiambton, Everest. 

Condamine, etc. 


America, U.S.. . 
Cape of 6. Hope 
India 


India 


Peru 









The earth «' It is evident, from a mere inspection of the second and 
th"*'™^iM ^*^^^^ columns of this table, that the measured length of ade' 
than at the ffvee increases with tJie latitvde, being greatest near the poles, 
equator ^^^ \Q2iSt near the equator." 

** Assuming," continues Herschel, "that the earth is an 
ellipse, the geometrical properties of that figure enable us to 
assign the proportion between the lengths of its axes which 
shall correspond to any proposed rate of variation in its cur- 
vature, as well as to fix upon their absolute lengths, corre*- 
spending to any assigned length of the degree in a giveu 
latitude. Without troubling the reader with the investiga- 
tion (which may be found in any work on the conic sections), 
it will be sufficient to state that the lengths, which agree on 
the whole best with the entire series of meridional arcs, which 
have been satisfactorily measured, are as follow : — 

Feet. Miles. 

Greater, or equatorial diam., =41, 847,426=7926.648 
Lesser, or polar diam., - - =41,707,620=7899.170 
Difference of diameters, or _ 

polar compression, - • 
The proportion of the diameters is very nearly that of 



= 139,806= 26.478 
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298 : 299, and their difference ^^^ of the greater, or a very Cbat. i. 
little greater than ^ii^." 

( 56. ) The shape of the earth, thus ascertained by actual 
measurement, is just what theory would give to a body of 
water equal to our globe, and revolving on an axis in 24 
Lours ; and this has caused many philosophers to suppose that 
the earth was formerly in a fluid state. 

If the earth were a sphere , a plumb line at any point on Expiua. 
its surface would tend directly toward the center of gravity *»®"«'''^i" 
of the body ; but the earth being an ellipsoid, or an oblaie 
spJvercid, and the plumb lines, being perpendicular to th^ sur- 
face at any point, do not tend to the center of gravity of the 
figure, but to points as represented in Fig. 10. 

The plumb line at jET tends to 
F, yet the mathematical center, 
and center of gravity of the 
figure, is at E. So at I, the 
plumb line tends to the point G\ 
and as the length of a degree at 
A, is to the length of a degree 
at J? so is IQ to HF. If, 
however, a passage were made 
through the earth, and a body let drop through it, the body 
would not pass from lio Qi lis first tendency at /would be 
toward the point G) but after it passed below the surface at 
ly its tendency would be more and more toward the point E, 
the center of gravity ; but it would not pass exactly thf ough 
that point, unless dropped from the point A, or the point (7. 

( 67. ) If the earth were a perfect and stationary sphere, powe of 
the force of gravity, on its surface, would.be everywhere the r»vity diffe- 
same ; but, it being neither stationary, nor a perfect sphere, ""^ p^ J^' 
the force of gravity, on the different parts of its surface, must the earth ; 
be different. The points on its surface nearest its center of " ^ ^ 
gravity, must have more attraction than other points more 
remote from the center of gravity ; and if those points which 
are more remote from the center of gravity have also a rotary 
motion, there will be a diminution of gravity on that account. 

Let A B (Fig. 10) represent the equatorial diameter of 
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o»^« ^ the earth, and CD the pokr diameter; and it is obvious 
that E will be the center of gravity, of the whole figure, and 

Qnvitydi. tiia^ 4}j^ fop^j^ Qf gravity at C and D will be greater than at 
any othw points on the sorface, because U C, or ED, are 
less than any other lines from the point JE to the surface. 
The force of gravity will be greatest on the points C and D, 
also, because they are stationary : all other points are in a 
circular motion ; and circular motion has a tendency to depart 
from the center of motion, and, of course, to diminish gravity. 
The diminution of the earth^s gravity by the rotation on its 
aiis, amounts to its ^j^ part,"*" at the equator. By this frao- 

* Let 2> be the equatorial diameter 
of the earth, J' the versed sine of an arc 
corresponding to the ttStioB^ in a second 
of time, and c the chord or arc ( for the 
chord and arc of to small a portion of the 
'circumference wffl eoineide, pracHcaUyf 
speaking). 

A portion of the earth's gravity, equal 
-^ to F, is destroyed by the rotation of the earth, and we are 
' now to compute its value. 
[ 'By proportional triangles, F : t :: e : D; 




Or 



F^ 



(1) 



The value of e is found by dividing the whole circumference 
into as many equal parts as there are seconds in the time of 
revolution. But the time of revolution is 23 h. 5&m. 4 s., ss 
86164 secokids. 
The whole circumference is 



(3.1416)i>; 



(2) 



By this value of c, we have Fs: 



(8.1416)«2> 
' (86164)« • 

The visible force of gravity, at the equator, is the distance- 
a body wiQ M the fimt second of time, expressed in feet. 
Let us call this dista&oo p. Now ihd part of gravity des- 
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tioD, then, is the veight of the sea ftbont the equator lightened, onAf. i. 
and thereby rendered siuceptibte of being supported at a 
higher leyel than at the poles, where no sneh eaunieraeiii^ 
foroe exists. 

troyed by rotation, as we hare jtmt seen, is jz; therefore the 

whole force of grayity is (^+ "K* ) - 

Onr nextmqiriryis: what pari of «» vM$ U ike paH ^ J^l^^^ 
Urcyedf Or what part of (^-f- -^y is g? 

Which, by common arithmetio, is, 

3 ^ 1 

From (2) - -»'« (3.1416)' "' ^ " (8.1416)»i) * 
Henoe, 

gD_ (86164)V (86164)«<16.07) 

c» ~ (3.1416)»Z>~(Oii6)»(7«26)(6280)' 
By the i^tliMtion of loguidHns, we «oon find the yalne of 

_L. 1 

this expreaidQn to be 12B8.4. Th^efore, gD , ^ =s5;r7* 

We may now inqnire, how rapidly the earth must revolTe 
tm its axis, so that the whole of gravity would be destroyed 
on the eqnator. That is, so that jPshaQ equal g. Equation 

^a 

(1) then beoones, :9^-^ Pr e^JgD. 

Bat as often as c is .contamed in the whole circumference, 
b the corresponding number of seconds in a. revolution; that 
is, the tinie in seconds must c<nTespond tp the e^cpressioi^ 



J9l> 



(8.141«)^|. 
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<^"^« J- ( 58. ) It is this centrifugal force itself that changed the 
shape of the earth, and made the equatorial diameter greater 
than the polar. Here, then, we haye the same cause, exer- 
cising at once a direct and an indirect influence. The amount 
Rotation of the former ( as we may see by the note ) is easily calcu- 
and indiraet ^^^^^ 9 ^^^^ ^^ ^^^ latter is far more difficult, and requires a 
effect on gra. knowledge of the iategral calculus, " But it has been clearly 
^**^' treated by Newton, Maclaurin, Clairaut, and many other emi- 

nent geometers ; and the result of their investigations is to 
show, that owing to the elliptic form of the earth alone, and 
iadependently of the centrifugal force, its attraction ought to 
increase the weight of a body, in going from the equator to 
the pole, by nearly its j^^ th part ; which, together with the 
7-8 7 th part, due from centrifugal force, make the whole quan- 
tity xi?^^ part; which corresponds with observations as 
deduced from the vibrations of pendulums." — See Natund 
PhUoaophy, 

(59.) The form of the earth 
is so nearly a sphere, that it is 
considered sucb, in geography, 
navigation, and in the general 
problems of astronomy. 

Xhe average length of a de- 
gree is 69| English miles ; and, 
as this number is fractional, and 
inconvenient, navigators hav« ta- 
" P citly agreed to retain the ancient, 
rough estimate of sixty miles to a degree ; calling the mile a 
geographical mile. Therefore, the geographical mile is longer 
than the English mile. 

D, in feet, = (7925)(5280) ; g =z 16.076. By the applica- 
tion of logarithms, we find this expression to be 5069 seconds, 
or 1 h. 24 m. 29 s. ; which is about 17 times the rapidity of 
its present rotation. 

In a subsequent portion of this work, we shall show how 
to arrive at this result by another principle, and through 
another operation. 
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As all meridians come together at the pole, it follows that Chaf, t. 
ft degree, between the meridians, will become less and less as 
we approach the pole ; and it is an interesting problem to 
trace the law of decrease.^ 

* This law of decrease will become apparent, bj inspecting 
Fig. 12. Let UQ represent a degree, on the eqnator, and 
UQC a sector on the plane of the equator, and of coarse JSC 
is at right angles to the axis CF. Let D FIhe any plane 
parallel to UQO; then we shall haye the following proportion : 

£0 : DI : : EQ : DF. 
In trigonometry, E C \& known as the radins of the sphere ; 
D Ibs the cosine of the latitude of the point D (the nume- 
rical values of sines and cosines, of all arcs, are given in trigo- 
nometrical tables) : therefore we have the following rule, to 
compute the length of a degree between two meridians, on 
any parallel of latitude. 

Rule. — As raditis is to the cosine of the latitude; so is the 
length of a degree on the equator^ to the length of a parallel de- 
gree in that latitude. 

Calling a degree, on the equator, 60 miles, what is the 
length of a degree of longitude, in latitude 42P ? 



SOLimOlf BT L0«AUTHM8. 

As radius (see tables), - - - 

Is to cosine 42° (see tables), - 

So is 60 miles (log.), - - - - 


10.000000 

- 9.871073 

1.778151 


To 44Tfi5Wy miles, .... 


- 1.649224 



At the latitude of 60°, the degree of longitude is 30 nules; 
the diminution is very slow near the equator, and very rapid 
near the poles. 

In navigation, the DF's are the known quantities ob- To mdvo* 
tained by the estimations from the log line, etc. ; and the *•?«»*»» to 
navigator wishes to convert them into longitude, or, what ** 
is the same thing, he wishes to find their values projected on 
the equator, and he states the proportion thus : 
JDI : EC 11 DF I EQ-, 
That is, as cosine of latitude is to radius^ so is departure to 
d^erence of longitude, 

f 
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CHAPTER II. 

I 

PAKALLAX, GENERAL AND HORIZONTAL. — RELATION BETWEEN 
PARALLAX AND DISTANCE. REAL DIAMETER AND MAGNI- 
TUDE OP THE MOON. 



Chap, u , ^ 60. ) Parallax is a subject of very great importance in 

astronomy: it is the key to the measure of the planets — to 

their distances from the earth — and to the magnitude of the 

whole solar system. 

Parallax in Parallax is the difference in position^ of any body, as seen 

**"*' from the center of the earth, and from its surface. 

When a body is in the zenith of any obseryer, to him it has 
no parallax; for he sees it in the same place in the heavens, 
as though he viewed it from the center of the earth. The 
greatest possible parallax that a body can have, takes place 
when the body b in the horizon of the observer ; and this 
parallax is called horizontal parallax. Hereafter, when we 
speak of the parallax of a body, horizontal parallax is to be 
understood, unless otherwise expressed. 

A clear and sunimary illustration of parallax in general, is 
given by Fig. 13. 

Horizontal Fig. 13. Let C be 

parallax. . , 

■■"■■■■ the oetiterof 

the earth, Z 
tlie observer, 
and P, or p, 
tlie position 
of a body. 
From the 
center of the 
esirth, the 
hody is seen 
in the direc- 
tiou of the 
Kne CP, or Op; from the observer at Z, it is fceen in the 
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direction of ZP, or Zp; and the difference in direction, of Chaf. n . 
these two lines, is pandlaz. When P is in the zenith, there 
is no parallax ; when P b in t^e horizon, the angle ZP C\a 
then greatest, and is the horizontal paraUax. 

We now perceive that the horizontal parallax of any body Beiation 
is equal to the upparetU eemidiam^er of the earth, as seen from ^^J^"^" i*j 
the body. The greater the distance to the body, the less the dirtaoM. 
horizontal parallax; and when the distance is so great that 
the semidiameter of the earth would appear only as a point, 
then the bo4y has no parallax. Conversely, if we can detect 
no sensible parallax, we know that the body most be at a 
vast distance from the earth, and the earth itself appear as 
a paint from such a body, if, in fact, it were even visible. 

Trigonometry gives the relation between the angles and 
, sides of every conc^vable triangle ; therefore we know all 
about the horizontal triangle ZCP, when we know CZ and 
the angles. Calling the horizontal parallax of any bodyjp, 
and the radius of the earth r, and the distance of the body 
from the center of the earth x (the radius of the table always 
By or wuty), then, by trigonometry, we have, 

E : X :: saxi.p : r: 



iPherefore, - - - x±:±{ -. ) 



r. 
p/ 

From thiK equation we bave the following general rule, to 
find the distance to any celestial body : 

'RvLB, -^ Divide the radius of the tables by the sine of the jioie ^ 
horizontal paraUaas, Multiply that quotient ly the senAdMmeter fia^ the dii* 
itfihe earth, and the product wUlhelhe restdt. tanwitotiit 

This result will, of course, be in the same terms of linear bodiw. 
measure as the semidiameter of the earth : that is, if r is in 
feet, the residt will be in feet ; if r is in mQes, the result w31 
be in miles, etc. : but, for astronomy, our terrestrial measures 
are too diminutive, to be ccmvenient (not to say inappropri- 
ate) ; and, for this reason, it is customary to ccdl the semidia- 
meter of the eaHh um^, and then the distance of ai|y body 
from the earth is simply the quotient arising from dimding 
the radius by the sine of the horizomtal paraUax pertoMmg to 
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Chaf. n. the body; and it is obvions, that the less the paraUax, the 
greater this quotient ; that is, the greater the distance to the 
body; and the difficulty, and the only d^jjwuJtty, is to obtain 
the hmzorUal paraUax. 
HorisoBtai (61.) The horizontal parallax cannot be directly observed, 
■ot biT ^^ ^y reason of the great amount and irregularity of horizontal 
■erred. rcfractiou ; but if we can obtain a parallax at any considera- 
ble altitude, we can compute the horizontal parallax there- 
from.* 

The fixed stars have no sensible horizontal parallax, as we 
have frequently mentioned ; and the parallax of the sun is 
so small, that it cannot be directly observed (see 40); the 
moon is the only celestial body that comes forward and pre- 
sents its parallax ; and from thence we know that the moon 
is the only body that is within a moderate distance of the 
earth. 

That the moon had a sensible parallax, was known to the 
earliest observers, even before mathematical instruments were 
at all refined; but, to decide upon its exact amount, and 
detect ita variations, required the combined knowledge and 
observations of modem astronomers. 

DeduotioB * In the two triangles Zj> (7 and ZPC (Fig. 13), call the 

f horuBon'"^ 
IMrallax. 



of honrontai ^^|^ ^ ^^^ parallax in altitude, and the angle ZP C^^x, 



and Cp and CF each equal D. Then, by trigonometry, 
we have 

sin. pZC : mn.p : : D : r; 

And - - E : sin. x : : D . : r. 
Therefore, by equality of ratios (see algebra), 
sm.pZC : sin./) : : i2 : sin. x. 

But the sine pZC is the sine of the apparent zenith dis* 
tance. Therefore, 

___ Bmi.p 
sin. zenith distance ' 
That is , the sine of the horizontal parallax is equud to the sine 
(f the parallax in altitude^ into the radius, asnd dwided by ike 
sine of the apparent eeniih distance. 
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The lunar paxallax was first recognized in European and chap. ii. 

iMtrthem countries, hy its appearing to describe more than a By what 

semicircle south of the egiuUor, and less than a semicircle north •bw'vationB 

/ . 1-11 ***• *■"*' P*" 

of that line; and, on an average, it was observed to be a longer mUax was 

time south, than north of the equator ; but no s^u/ch ineguality *"* *»^»*'** 

cotcld be olservedfrom the region of the equator. 

Observers at the south of the equator, observing the posi- 
tion of the moon, see it for a longer time north of the equator 
than south of it ; om\ to ikem, it appears to describe more than 
a semidrde north of the equator. 

Here, then, we have observation against observation, unless 
we can reconcile them. But the only reconciliation that can 
be made, is to conclude that the moon is really as long in one 
hemisphere as the other, and the observed discrepancy must 
arise from i^^posUiom of the observers ; and when we reflect 
that parallax must always depress the object ( see Fig. 13 ), 
and throw it farther from the observer, it is therefore per- 
fectly clear that a northern observer should see the moon 
farther tp the south than it really is , and a southern observer 
see the same body farther north than its true position. 

( 62.) To find the amount of the lunar parallax, requires 
the concurrence of two observers. They should be near the 
same meridian, and as far apart, in respect to latitude, as 
possible ; and every circumstance, that could affect the result, 
must be known. 

The two most favorable stations are Oreenwich (England) oiwerva. 
and the Cape of Good Hope. They would be more favorable ^^ ^ ®^ 
if they were on the same meridian ; but the small change in nomtofpft. 
declination, while the moon is passing from one meridian to ""** 
the other, can be allowed for ; and thus the two observations 
are reduced to the same meridian, ai)d equivalent to beiag 
made at the same time. 

The most favorable times for such observations, are when 
the moon is near her greatest declinations, for then the change 
of declination is extremdy slow. 

Let A ( Fig. 14). represent the place of the Oreenwich ob- 
servatory, and B the station at the Cape of Good Hope. 
€ is the center of the earth, and Z and Z* are the zenith 
6 1* 
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<^^^ ^ ' rig. 14. points of the alwerverf. Let J/* 

^^ the position of 'the moon, and 

I the observer at -4 will see it pro- 

I ji3cted on the sky at m\ and the 

observer at B will see it pro- 

yicted on the sky at m. 

mmufttion BjE^^^HSI^^^^^^M ^^^ ^^^ fignre AC B Mia a 

of primary ^^^^HES^^^^H r^iiadrilateral ; the angle A CB 

obMnrOfon.. ^^^^|k^^^^ : ^^^^ ^^ ^^^ ktitudeS of the 

I rwo observers; the an^es MA 
V and MB C are the respective 

I zenith distances, takenfirom 180^* 

But the sum of all the an^es 

<^f any qnadrilatend is equal to 

I four right angles; and henee the 

luTigles at A, (7, and B, being 
known, the paraDaotic angle at 

I M is known. 

In this quadrilateral, then, we 

j liave two sides, A G and CB, 

pnd all the angles; and this is 

!^uflicient for the most ordinary 

[lathematioian to decide every 

j |j^;rticidar in connection with it; 

I tliat is, we can find AM, MB^ 
and finally MC* Now MC being known, the horiiontal 

A mikB. I" The direct and analytical method of obtaining JTCv wall be 
■aticai ^- yery acceptable to the young mathematician; and, for that 
reason, we give it. 

Put ^Cr=rCJS=r, €i/s=a;, and the two parts of the ob- 
served parallactic angle, M, represented by P and Q, as in 
the figure. Also, let a represent the naftini^ mm of the angle 
MA C, and 5 the natural sine of ihe angle MB C : 
Then, by trigonometry, - x : a :i r : ma. ^; 
Also, - - - - - ^ X : h :: r X sin. P; 

Hence, .... sin. P+mn. Q ^^^^\ . . (1) 
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parallax can be oompuled, for it is bat tL Junction of the dis* Cha?. ii. 
tance (see 60). 

By the equation (Art. 60), «=f -^ — )r 

By changing, - - - sin. j>= ( )r ; and when x, the 

distance, is known, sin. p, or sine of the horizontal parallaz, 
is known. 

(68.) The result of such observations, taken at different Variabi* 
times, show all values to MC, between 55VW» aii^ ^^AV ; ^*J^^, ** 
taking the value of r as unity. 

These variations are regular and systematic, both as to 
time and place, in the heavens ; and they show, without fur- 
ther investigation, that the moon does not go round the earth 
in a circle, or, if it does, the earth is not in the center of that 
circle. 

The parallazes corresponding to these extreme distances, 
are 61' 29" and 53' 50". 

When the moon moves round to that part of her orbit ApogM 
which is most remote from the earth, it is said to be in apogee; "^ ?•"«••• 
and, when nearest to the earth, it is said to be in perigee. 
The points apogee and perigee, mainly opposite to each other, 
do not keep the same places in the heavens, but gradually 
move forward in the same direction as the motion of the moon, 
and perform a revolution in a little less than nine years. 

But^ by a general theorem in trigonometry, 

sin.P+sin. e=2sin.^^i^cos.=^^. . (2) 

Now by equating (1) and (2), and observing that P-f-Q=: 

JU, and that (cos* — ^ — ) must be extremely near unify; 

and, therefore, as a factor, may disappear ; we then have, 

A more ancient method is to compute the value of the little 
triangle B€ ff, and then of the whole triangle AMG, and 
ihen of a part ^ifC or if &C. 
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Ohap. n . ( 64.) Many times, when the moon comes round to its peri- 
gee, we find its parallax less than 61' 29", and, at the oppo- 
site apogee, more than 53' 50". It is only when the snn is 
in, or near a line with the lunar perigee and apogee, that 
these greatest extremes are observed to happen ; and when 
the sun is near a right an^le to the perigee and apogee, then 
the moon moyes round the earth in an orbit nearer a circle ; 
and thus, by observing with care the variation of the moon's 
parallax, we find that its orbit is a revolving ellipse, of variable 
eccentricity. 

(65.) Because the moon's distance from the earth is va- 
riable, therefore there must be a mean distance: we shall 
show, hereafter, that her motion is variable ; therefore there 
is a mean motion; and, as the eccentricity is variable, there 
is a mean eccentricity, 
McAM p». ^ The extreme parallaxes, at m£an eccentricity, are 60' 20" 
pwaUax * at^*°^ ^^' ^^" ' *°^ *^® Corresponding distances from the earth 
MKAir disf are 56.93 and 63.64, the radius of the earth being unity, 
tanca. rpj^^ ^^^^ parallax, or mean between 60' 20" and 54' 05", is 

57' 12".5; but the parallax, at mean distance, is 57' 03"*. 

i * It may seem paradoxical that the mean parallax, and the 
parallax at mean distance are different quantities ; but the 
following investigation will set the matter at rest. Let d and 
D be extreme distances, and M the mean distance. 

Then, . - - - d+D=:2M. ... (1) 

Also, let p and P be the parallaxes corresponding to the dis- 
' tances d and D ; and put x to represent the parallax at mean 
distance. Then, by Art. 60 ( if we call the radius of the 
tables unity), we have 

ds=-. , 2)=-; — 5, and M^-, — . 

sm.^ sm, Jr Bm.x 

Substituting these values of d, D, and iC in equation (1) we 
have, - • -. 1- 



ain. J? "^ sin. jP sin. x 

2 sin. f) sin. P ^^^ 
Or,- - - rin.P-fain.j). = ^^ (2) 
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60 



tlM 



m^ ^ ,. . 55.92+63'84 ^^ ^q cbap. n. 
The mean between extreme distances is ^ or o9.oo ; 

but the ^rfe« iMom distance is 60.26, corresponding to the ^^^ ^^' 
parallax 67' 8". The mean, between extremes, is a variable ""** 
quantity; but the true mean distance is ever the same, a 
little more than 60^ Htn/es the semidiameter of the earth. 

( 66.) The variaiions in the mo<m*8 real distance must cor- 
remand to a^oparent variations in the moon^s diameter; and if 
the moon, or any other body, should haye no variation in 
apparent diameter, we should then conclude that the body 
was always at the same distance from us. 

Tke change, in apparent diameter, of any heavenly body, is 
numerically proportioned to its real change in distance; as 
a{^ears from the demonstration in the note below.* 



But by a well known, and general theorem in trigonometry, Mau p»- 

raUax. 

we have, sin. P-f-si^- i^=^ ^' ( — ^o^^ ) ®^^' ( • o ) (^) 

By equating (3) and (2), and observing that the cosines 
of very small arcs may be practically taken as unity, or ra- 
dius; therefore. 



( P'\-p \ _ sin. P sin, p 
2 / siTS ' 

sin.Psin.jp 



- sm.a: = 



Ur, ----- oAii. ^ — -; — ^ g T% i — \* 

sm.i(P-f:p) 

On applying this equation, we find a;=57' 3". 

* Let A be the 
point of vision, and 
d the diameter of 
any body at diffe- 
rent distances, AS, 
AG. 

Now, by trigonometry, we have the following proportions : 
AC I d II B I im. CAD 
AB I d \i R I issi. BAE. 
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chaf. II . Now if the moon has a real change in distance, as obsenra* 

tions show, such change must he accompanied with apparent 

changes in the moon's diameter; and, by directing observan 

tions to this particular, we find a perfect correspondence ; 

showing the harmony of truth, and the beantiela of real 

science. 

OoBUM. We have several times mentioned that the moon's horizon- 

Mmi^mT'^ tal parallax is the semidiameter rf the earth, as 8ee« from the 

t«r ud hori. moon ; and now we farther say» that what we call the moon's 

loatai pwai. gemidiameter, an observer at the moon would call the earth's 

lax. 

horizontal parallax; and tKe yariation of these two angles de- 
pends on the 9aam circu$n^eaikC0 — the variation of the distance 
between the earth and moon; and, depending on one and the 
same cause, they must vary in just the same proportion. 

When the moon's horizontal parallax is greatest, the moon's 
semidiameter is greatest; and, when least, the semidiameter 
is the least; and if we divide the tangent of the semidiameter 
by the tangent of its horizontal parallax, we shall always find 
the same quotient (the decimal 0.27293) ; and that quotient 
is the ratio between the real diameter of the earth and the 
diameter of the moon.* Having this ratio, and the diameter 
of the earth, 7912 miles, we can compute the diameter of the 

moon thus : 

7912x0.27293=2169.4 mUes. 

From the first proportion, - - - -4(7 tajL.CADszdE; 

From the second, ABim.BAJS=^dE: 

By equality, - - • - J[ Ctaii. CAD^AB tan. BAE. 

This last equation, put into an equivalent proportion, gives: 
AC I AB I tan. BAE : : tan. CAD. 

But tangents of very small arcs ( such as those under which 

the heavenly bodies appear) are to each other as the arcs 

themselves. Therefore, 

AG I AB :: angle -Bu4J^ : angle C!ilZ>; 

That is; (he ai^gidar meanires of the same body care imeredy 

prpportional to the correspandir^ distances. 

* This requires demonstratiqu. Iiet JS be tbe red semi- 
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As coheres are to .eacb other in proportion to the eujbes of chaf . cu 
their diameters, therefore the bulk ( not mass ) of the earth, 
U3 to that of the moon, as 1 to ^, nearly. 

At^ the moon's distance is 60| times the radius of the earth, Aofmen. 
it follows that it is about ^r^th nearer to us, when at the t"»««»f t^»» 

" ** ^ moon's s«mi. 

zenith, than when in the horizon. Making allowance for this diameter : tu 
(in proportion to the cosine of the altitude), is called the®*"*- 
(mffmeniation of the 9emidiameier, 

( 68. ) It may be remarked, by every one, that we always The earui 
see the same face of the moon : which shows that she must ^ ^^^ ^^ 

„ . . 1 . , t • t the moon. 

roll on an axis m the same tmne as her mean rerolution about 
the earth ; for, if she kept her surface toward the same part 
of the heayens, it could not be constantly presented to the 
earth, because, to her view, the earth revolves round the 
moon, the same as to us the moon revolves round the earth ; 
and the earth presents phases to the moon, as the moon does 
to us, except opposite in time, because the two bodies are 
opposite in position. When we have new moon, the lunarians 
have full earth ; and when we have first quarter, they have 
last quarter, etc. The moon appears, to us, about half a 
degree in diameter ; the earth appears, to them, a moon, about 



F\g. 16. 



diameter of 
the earth 
(Pig.l6),f» 
that of the 
moon, D the 
distance be- 
tween the 

two bodies ; and let the radius of the tables be unity. Put 
P to represent the moon's horizontal parallax, and « its appa- 
rent semidiameter. Then, by trigonometry, 

D : E i: 1 : tan. P; and D : m :: 1 : tan. s. 




rr 

From the first, i>=- =; from the 2d, D 



m 



tan.P* 



tan.tf 



m 



tan.P tan./ 



Q.X.D. 
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CHAF.n. two degrees in diameter, irmmaUy fixed in their sJcy^ and tlie 

' stars passing slowly behind it. 
The moon «* But," sajs Sir Jolin Herschel, ** the moon's rotation on 
revo ve8 on ^ ^ ^ Uniform ; and since her motion in her orbit is not 

an axil. ' 

SO, we are enabled to look a fow degrees round the equatorial 
parts of her visible border, on the eastern or western side, 
according to circumstances; or, in other words, the line join- 
ing the centers of the. earth and moon fluctuates a little in it» 
position, from its mean or average intersection with her sur- 
face, to the east, or westward. And, moreover, since the 
axis about which she revolves is not exactly perpendicular to 
her orbit, her poles come alternately into view for a small 
space at the edgefi of her disc. These phenomena are known 
by the name of lOraiions. In consequence of these two dis- 
tinct kinds of libration, the same identical point of the moon's 
surface is not always the center of her disc ; and we therefore 
get sight of a zone of a few degrees in breadth on all sides 
of the border, beyond an exact hemisphere.'' 



CHAPTEK III. 

THE earth's orbit ECCENTRIC. THE APPARENT ANGULAR 

MOTION OIT THE SUN NOT UNIFORM. — LAWS BETWEEN DIS- 

TANOB, REAL, AND ANGULAR MOTION. ECCENTRICITY OF 

THE ORBIT. 

om^^ ( 69. ) The sun's parallax is too small to be detected by 
The son any common means of observation ; hence it remained un- 

th!?earth " l^^^^wn, for a long series of years, although many ingenious 
methods were proposed to discover it. The only decision 
that ancient astronomers could make concerning it was, that 
it must be less than 20" or 15" of arc ; for, were it as much 
as that quantity, it could not escape observation. 

Now let us suppose that the sun's horizontal parallax is less 
than 20" ; that is, the apparent semidiameter of the earth, as 
seen from the sun, must be less than 20"; but the semidia- 
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meter of tlie sun is 15' 56", or 956" ; therefore tlie sun must chap. m. 

be vastly larger than the earth — by at least 48 times its 

diameter ; and the bulk of the earth must be, to that of the 

sun, in as high a ratio as 1 to the cube of 48. But as we do 

not suffer ourselves to know the true horizontal parallax of 

the sun, all the decision we can make on this subject is, that 

the sun is vastly larger than the earth. 

' ( 70. ) Previous observations, as we explained in the first Doe» the 
section of this work, clearly show, or give the appearance of "" etith" w 
the sun gobg round the earth once in a year ; but the c^ear- the euth 
ame would be the same, whether the earth revolves round the ^^^^ ^® 
sun, or the sun round the earth, or both bodies revolve round 
a point between them. We are now to consider which is the 
most probable: that a large body should circulate round a much 
smaller one; or, the smaller one round a large one. The last 
suggestion corresponds with our knowledge and experience in 
mechanical philosophy ; the first is opposed to it. 

(71.) We have seen, in the last chapter, that the semidia- 
meter tind horizontal parallax of a body have a constant rela- 
tion to each other; and, while we cannot discover the one, 
we will examine all the variations of the other {if it have va- 
riations ), and thereby determine whether the earth and sun 
always remain at the same distance from each other. 

Here it is very important that the reader should clearly Methods 
understand, how the apparent diameter of a heavenly body **" ™*'""^"« 
can be determined to great precision. meters. 

As an example, we shall take the diameter of the sun ; but 
the same principles are to be followed, and the same deduc- 
tions are to be made, whatever body, moon, or planet, may be 
under observation. 

An instrument to measure the apparent diameter of a planet The micro- 
is called a micrometer. It is an eyepiece to a telescope, with ' 
opening and closing parallel wires ; the amount of the opening 
is measured by a mathematical contrivance. For the measure 
of all small objects, the micrometer is exclusively used; and 
since it is impossible that any one observation can be relied 
upon as accurate ( on account of the angular space eclipsed 
by the wires), a great number of observations are taken, and 

a 



meter. 
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CHkT. ni . the mean result is regarded as a single observation. Gene- 
rally speaking, the following method is more to be relied upon, 
when large angles are measured, and to it we commend special 
attention. 
The me- The method depends on the time employed hy the body in pass- 

in^ ^at«T *^ l^ P^^7>^^^ci4lar tmr€S of the transit instrument, 

the meridian. All bodies ( b J the reYolution of the earth) come to the 
meridian at right angles, and 15 degrees pass by the meridian 
in one hour of sid'ereal time ; and, in four minutes, one de- 
gree win pass; and, in two minutes of time, 30 minutes of arc 
will pass the meridian wire. 

Now if the sun is on the equator, and stationary there, and 
employs two minutes of sidereal time in passing the meridian, 
then it is evident that its apparent diameter is just 30' of arc; 
if the time is more than two minutes, the diameter is more ; 
if less, less. 

But we have just made a supposition that is not true; we 
have supposed the sun stationary, in respect to the stars ; but 
it is not so : it apparently moves eastward ; therefore it will 
not get past the meridian wire as soon as it would if station- 
ary. Bence we must have a correction, for the sun^s motion, 
applied to the time of its passing the meridian. 
CoireotioM We have also supposed the sun on the equator, and for a 

to be made, jjjpjjjgjjj. continue the supposition, and also conceive its dia- 
meter to be just 30' of a/rc. Now suppose it brought up to 
the 20th degree of declination, on that parallel, it will extend 
over more than 30' of arc, because meridians Converge toward 
the pole ; therefore the farther the sun, or any other body is from 
the equator, the longer it wUl he in parsing the meridian on {hat 
account; the increase of time depending on the cosine of the 
declination. (See 59.) 

Hence two corrections must be made to the actual time 
that the sun occupies in crossing the meridian wire, before we 
can proportion it into an arc : one for the progressive motion 
of the sun in right ascension ; and one for the existing decli- 
nation. We give an example. 
Method of ^^ *^® ^^* ^^J ^^ Juue, 1846, the sidereal time (time 
tbo measured by the sidereal dock ) of the sun passing the me- 
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ridian wire, was observed to be 2in. 16.64 b.; the declination Chap. hi. 

was 22° 2' 45", and the hourly increase of right ascension was «xact sppa- 

10.235 s. What was the sun's semidiameter ? »«»' diame- 

ter of the 

3600 s. : 10.235 s. :: 136.64 : 0.39 s. «», "oon, 

or planets. 

Observed dura, of tran., in sees., 136.64 
Reduction for solar motion, - .39 

136.25 . . log. 2.134337 
Dec. 22° 2^ 45"; cosine, - - - 9,967021 

Duration, if stationary on equa., 126.3 s. . . log. 2.101358 

Minutes or seconds of time can be changed into minutes or 
seconds of arc, by multiplying by 15 ; therefore the diameter 
of the sun, at this time, subtended an arc of 1894".5, and its 
semidiameter 947".2, or 15' 47".2 ; which is the result given 
in the Nautical Almanac, from which any number of examples of 
this kind can be taken. We give one more example, for the 
benefit of those who may not have a Nautical Almanac. 

On the 30th day of December (not material what year), 
the sidereal time of the sun's diameter passing the meridian 
was observed to be 2 m. 22.2 s., or 142.2 s. The sun's 
hourly motion in right ascension, at that time, was 11.06 s., 
and the declination was 22° 11'. What was the sun's semi- 
diameter?* Ans. 16' 17".3. 

These observations may be made every clear day through- Extremo 
out the year ; and they have been made at many places, and „B*fe appa- 
for many years;. and the combined results show that the nntsemidia- 

* The following is the formula for these reductions : 
.15(«— c)cofl.2> 
R =•• 

Here t is the observed interval in seconds, o is the correction for the in- 
crease in right ascension, D is the declination, R the radius of the tables, 
and 9 is the result in teeonds of are. e is always very small ; for one 
hourj or 3600 s., the variation is never less than 8.976 s., nor more than 
11.11 B. The former happens about the middle of September ; the lat- 
ter about the 20th of December. For the meridian passage of the mooui 
the correction e is considerable ; because the moon's increase of right 
ascension is comparatively very rapid. For the planets, e may be dis- 
regacded. 
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CmAT^. apparent diameter of the sun is -the same, on the same day of 
the year, from whatever station observed. 

The least semidiameter is 15' 45'M ; which corresponds, in 
time, to the first or second day of July ; and the greatest is 16' 
17".3, which takes place on the 1st or 2d of January. 

Now as we cannot suppose that there is any reed change in 

the diameter of the sun, we must impute this apparent change 

to real change in the distance of the body, as explained in 

Art. 66. 

Variation Therefore the distance to the sun on the 30th of Decern- 

of the dii- Y^ must be to its distance on the first day of July, as the 

tance from ' J Jf 

the earth to number 15' 45".l is to the number 16' 17".3, or as the num- 
the ton. Ijqp 945 1 tQ 977.3; and all other days in the year, the pro- 
portional distance must be represented by intermediate num- 
bers. 

From this, we perceive that the sun must go round the 
earth, or the earth round the sun, in very nearly a circle ; for 
were a representation of the curve drawn, corresponding to 
the apparent semidiameter in different parts of the orbit, and 
placed before us, the eye could scarcely detect its departure 
from a circle. 

( 72.) It should be observed that the time elapsed between 
the greatest and least apparent diameter of the sun, or the 
reverse, is just half a year ; and the change in the sun's lon- 
gitude is 180^. 
Booentri- If we would cousidcr the mean distance between the earth 
e!^*f ^oiut* and sun as unity (as is customary with astronomers), and then 
how known, put z to represent the least distance, and y the greatest dis- 
tance, we shall have 

ar+y=2. 

And, ' - X : y :: 9451 : 9773. 

A solution gives a:=0.98326, nearly, and y=1.01674, nearly; 
showing that the leasi^mean, and greatest distance to the sun, 
must be very nearly as the numbers .98326, 1., and 1.01674. 
The fractional part, .01674, or the difference between the 
extremes and mean ( when the mean is uniiy ), is called the 
eccentricity of the orbit. 
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The iec^ntrkUy, as jofit mentioned, most not be regarded as Chap. m. 
accurate. It is only a first approximation, deduced from the 
first and most simple yiew of the subject ; but we shall, here- 
after, give other expositions that will lead to far more accu- 
rate results. 

In theory, the apparent diameters are sufficient to determine Eocentneu 
the eccentricity, could we really observe them* to rigorous ^^J^ ^^, 
exactness ; but all luminous bodies are more or less affected m«tors only 
h J irradiation, which dilates a Httlo their apparent diameters; •ppro»"n»t« 
and the exact quantity of this dilatation is not yet well 
ascertained. 

( 73. ) The sun's right ascension and declination can be 
observed from any observatory, any clear day; and from 
thence we can trace its path along the celestial concave sphere 
above us, and determine its change from day to day ; and we 
find it runs along a great circle called the ecliptic, which 
crosses the equator at opposite points in the heavens ; and 
the ecliptic inclines to the equator with an angle of about 
23° 27' 40". 

The plane of the ecliptic passes through the center of the 
earth, showing it to be a great circle, or, what is the same 
thing, showing that the apparent motion of the sun has its 
center in the line which joins^he earth and sun. 

The apparent motion of the sun along the ecliptic is called vajriations 
lonritude ; and this is its most' regular motion. *" ***** ^'' 

When we compare the sun s motion, in longitude, with its ^n, com- 
semidiameter, we find a correspondence — at least, an apparent p*"^ ^»* 

its Tariations 
connection. ^ in longitude. 

When the semidiameter is greatest, the'motion in longitude 
is greatest; and, when the semidiameter is least the motion 
in longitude is least ; hd the two variations have noi the same 
ratio. 

When the sun is nearest to the earth, on or about the 30th 
of December, it changes its longitude, in a mean solar day, 
1° 1' 9".95. When farthest from the earth, on the 1st of 
July, its change of longitude, in 24 hours, is only 57' 11 ".48. 
A, uniform motion, for the whole year, is found to be 69' 8".33. 

The ancient philosophers contended that the sun moved 

a* 
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Chap, m . about the earth in a circular orbit, and its real velocity uni- 
form ; but the earth not being in the center of the circle, the 
same portions of the circle would appear under different angles ; 
and hence the variation in its apparent angular motion. 
The resnit ^^y^ jf ^^)^ jg ^ ^ruc vicw of the subjcct, the variation in 

shows that i .• i . . ■, . . . 

the angular Singular motiou must be m exact prpportum to the variation in 
motion is in distance, as explained in the note to Art. 66; that is,945'M 
*opo^r" should be to 977".3, as 57' 11".48 to 61' 9".95, if the sup- 
to the square positiou of the first observcrs were true. But these numbers 
tance** ^^ ^*^® ^^ *^® Same ratio ; therefore this supposition is not 
satisfactory ; and it was probably abandoned for the want of 
this mathematical support. The ratio between 945". 1, and 

0770 
977".3is ^=1.0341, nearly; 

between 57' 11".48, and61'9".95, |||p||=zl.0694, nearly. 

If we square (1.0341) the^r*^ ratio, we shall have 1.06936, 
a number so near in value to the second ratio, that we con- 
clude it ought to be the same, and would be the same, pro- 
vided we had perfect accuracy in the observations. 
Law be- Thus we Compare the angular motion of the sun in diffe- 
tiorand dis' ^®^* parts of its orbit ; and we always find, that the inverse 
tanoe. sqiuire of its distance is proportional to its an^tdar motion; and 

this incontestible/od is so e^act and so regular, that we lay 
it down as a law; and if solitary observations do not corre- 
spood with it, we must condemn the observations, and not 
the law. 

(74.) To investigate this subject thoroughly, we cannot 
avoid making use of a little geometry. 

Let Tig. 17 represent the solar orbit,* the sun apparently 
revolving about the observer at 0. The distance from to 

« We say iiolar orbit, when it is really the earth's orbit ; so we speak 
of the sun's motion, when it is really the motion oif the earth ; and it 
is cnstomary, with astronomers, to speak of apparent motions as real \ 
and none object to this manner of speaking, who have a clear or en- 
larged view of the science — for to depart from it would lead to oft- 
repeated and troublesome technicalities, if not to confusion of ideas. 
Cleameas does not always oorrespoyj^d with ezaotnen ci ezpressioA. 
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atif point in the or- Fig. 17. 

bit is called the ra- 

dkis vector ; and it is 

a varying quantity, 

conceived to sweep 

round the point O. 

Let D be the va- 
lue of the radius vec- 
tor at any point, and 
rD its value at some 
other point, as repre- 
sented in the figure. Let y represent the real motion of the 
sun, for a very short interval of time, at the extremity of the 
radius vector i>; and x represent the real motion, at the 
extremity of the radius vector r i>, in the same time. 

From 0, as a center, at the distance of unity, describe a 
circle. Put A to represent the angle under which x appears 
from 0; then, hy obeervaHoHy r'^ is the angle under which y 
appears from the same point. 

Now, considering the sectors as triangles, we have the fol- 
lowing proportions : 

: A :: rl> : x; 
: r^A : : D : y. 
- - x=rAD, 
- y^r^AD, 

Multiply the first of these equations by r, and we perceive 
that -.---. y^szrx. 

This last equation shows that the real velocity of the earth 
in its orbit varies in the inverse ratio as the radius vector ; or 
it varies direc&y as the apparent diameter of tke sun, 

(76.) If we multiply r D by a?, the product will express the 
double of an area passed over by the radius vector in a certain 
interval of time ; and if we multiply D by y, we shall have 
the double of another area passed over by the radius vector in. 
the same time. But the first product is rDx^ and the second 
is the same, as we shall see by taking the value of y (rx); that 
is rJDxsssrDx; hence we announce this general law: 



orap. in. 



Yiriatlom 
in nal and 
mnpilu mo- 

tlOB. 



1 
1 

Pronj the first, - 
From the second, 



The real 
Ttolocity of 
the earth in 
its orbit vn- 
riei ai the 
tim'f appa- 
rent diame* 
ter. 
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QgAf . iiL That the sclar radius vector describes equal areas in equal 

The radiof tknes. 

•eri^t •mti When expressed in more general terms, this is one of the 

areaf in e- three laws of Kepler, which will be fully brought into notice 

qnai tunei. ^^ ^ subsequent part of this work. 

If we draw lines from any point in a plane, reciprocally 
proportional to the sun's apparent diameter, and at angles 
differing as the change of the sun's longitude, and then con- 
nect the extremities of such lines made all round the point, 
the connecting lines will form a curve, corresponding with an 
ellipse (see Fig. 18), which represents the apparent solar orbit; 
and, from a review of the whole subject, we give the follow- 
ing summary: 
i*w« of 1. The eccentricity of the solar eUipse, as determined from the 

motion in an fj^^^erU diartieter of the surt, is .01674.* 

2. The suws angtuar vetocity vanes inversely as me square 
of its distance from the earth. 

3. The real velocity is inversely as the distance, 

4. The areas described by the radius vector are proportional 
to the times of description, 

(76.) We have several times mentioned, that, as far as 
appearances are concerned, it is immaterial whether we con- 
sider the sun moving round the earth, or the earth round the 
sun; for, if the earth is in one position of the heavens, the 

* By making use of the 2d principle, above cited, we can 
compute the eccentricity of the orbit to greater precision than 
by the apparent diameters, because the same error of obser- 
vation on longitude would not be as proportionally great as 
on apparent diameter. 

Let ^^be the eccentricity of the orbit; then (1 — U) is 
the least distance to the sun, and (l-f--^) ^^^ greatest dis- 
tance. Then, by observation, we have 



(1—^)^ : (1+^)3 
Or,(l—£^y : (l+£y 
Or, 1— JE' : 1+^ 



57'ir.48 : 61' 9".96; 

843148 : 366995; 
V343148 : J366995: 



Whence ^=.016788-|-. We shall give a still more accu- 
rate method of computing this important element. 
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Cbat. IIU 



ir^ 



sun appears exactly in Fig. 18. 

the opposite position, 

and every motion 

made by the earth 

must correspond to an 

apparent motion made 

by the sun. 

But, for the purpose 
of getting nearer to 
&ct, we will now sup- 
pose the earth revolves round the sun in an elliptical orbit, 
as represented by Fig. 18. 

We have very much exaggerated the eceentiioity of the 
orbit, for the purpose of bringing principles clearer to view. 

The greatest and least distances, from the sun to the earth, 
make a straight line through the sun, and cut the orbit into 
two equal parts. When the earth is at B, the greatest dis- 
tance from the sun, it is said to be in apogee, and when at A, 
the least distance, it is in perigee; and the line joining the 
apogee and perigee is the major, or greater diameter of the 
orbit ; <ind it is the ordy diameter passifng through the swn, thai 
cuts the orUt into two equal parts. 

N0W9 AS equ€d areas are described in eiqual Umes, it follows 
that the earth must be just half a year in passing from apogee ^^^ 2!e 
to perigee, and from perigee to apogee ; provided that these poutioiu of 
points are stationary in the heavens, and they are so, very ^ ■^^ ■* 
nearly.* ^.^^ 

If we suppose the earth moves along the orbit from D to 
A, and we ^observe the su# from D, and continue observa- 
tions upon it until the earth comes to (7, then the longitude 
of the sun has changed 180^; and if the time is less than 



Obseira. 



f«d 



* The longer axis of the orbit, or apogee point, changes position by 
a very slow motion of about 12" per annum, to the eastward : but this 
motion must be disregarded, for the present, as well as many other mi- 
nute deviations, to be brought into view when we are better prepared 
to understand them. 

Those minute variations, for short periods of time, do not seiuriblj 
affect general results. 
6 
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Ohap. m. half a year, we are sure the perigee is in this part of the 
orbit. If we continue observations round and round, and 
find where 180 degrees of longitude correspond with half a 
year, there will be the position of the longer axis ; which is 
sometimes called the line of ike apsides. 

Difficoitiei, "We canuot determine the exact point of the apogee or 

ow avoi e p^jjg^g^ y^^ ^^Qjf^ observations on the sun's apparent diame- 
ter; for about these points the variations are extremely slow 
and imperceptible. 

If we take observations in respect to the sun's longitude, 
when the earth is at b, and watch for the opposite longitude, 
when the earth is about a, and find that the area bDa was 
described in little less than half a year, and the area aChf'm 
a little more than half a year, then we know that b is very 
near the apogee, and a very near the perigee. 

K we take another point, b\ and its opposite, a', and find 
converse results, then we know that the apogee is between 
the points ^ and 6, and we can proportion to it to great exact- 
ness. 
Longitude ( 77. ) The lon^tudc of the apogee, for the year 1801, was 
iLv^^ 990 31' 9", and, of course, the perigee was in longitude 279° 
81' 9". These points move forward, in respect to the stars, 
about 12" annually, and, in respect to the equinox, about 62" ; 
more exactly 61".905, and, of course, this is their annual 
increase of longitude. 

In the year 1250, the perigee of the sun coincided with the 
winter solstice, and the apogee with the sununer solstice ; and 
at that time the sun was 178 days and about 17^ hours on 
the south side of the equator, abd 186 days and about 12^ 
hours on the north side ; being longer in the northern hemi- 
sphere than in the southern, by seven days and 19 hours: at 
present, the excess is seven days and near 17 hours. 

The yew ^ ^g^ ^g ^jj^ g^^ jg ^ longer time in the northern than in 
Tided. *^® southern hemisphere, the first impression jnight be, that 
more solar heat is received in one hemisphere than in the 
other; but the amount is the same; for whatever is gained 
in time, is lost in distance ; and what is lost in time, is gained 
by a decrease of distance. The amount of heat depe&4i on 
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&e intenfiiiy multipiied by the time U is applied ; and the on^p. in. 
product of the time and distance to the sun, is the same in 
either hemisphere; but the amount of heat received, for a 
single day, is different in the two hemispheres. 

(79.) Conceive a line drawn through the sun, at right 
angles to the greater diameter of the orbit DSC (see Fig. 
18 ), the point is 8^ 21' from the first point of Aries; and 
if we observe the time occupied by the sun in describing 180 
degrees of longitude, from this point (or from any point very 
near this point), that time, taken from the whole year, will 
give the time of describing the other 180 de^ees. 

Without being very minute, we venture to state, that the a method 
time of describing the arc i>-4 C7 is 178 days 17^ hours; and ^^/^^^°Jj? 
the time of describing the arc OBD is 186 days 12^ hours, dtyofan or- 
But, as areas are in proportion to the times of their descrip- ^*'- 
tion; therefore, 

d. b. d. h. 

area CSDA : area CBDS : : 178 17^ : 186 12i. 

By taking half of the greater axis of the ellipse equal 
imty, and the eccentricity an unknown quantity, e, the 
mathematician can soon obtain analytical expressions for 
the two areas in question; and then, from the proportion, 
he can find the value of the eccentricity e : but there is a 
better method — we only give an outside view of this, for the 
light it throws on the general principle. 

( 80.) Now let us conceive the orbit of the earth inclosed 
by a circle whose diameter is the greatest diameter of the 
ellipse, as represrated by Fig. 19. 

For the sake of simplicity we will suppose the observer at praparo- 
rest at the point o (one focus of the ellipse), and the sun ti»*»^'fi«d. 
really to move round on the ellipse, describing equal areas variation in 
in equal times round the point o. ^ •"»?••• 

Conceive, also, an imaginary sun to pass round the circle, 
describing equal angles, in equal times, round the center m. 
Now suppose the two suns to be together at the point B : — 
they depart, one on the ellipse, the other on the circle; uid, 
on account of both describing equal areas^ in equAl tiBies» 
round their veapeetifa oentera of motion, they will be together 
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<^»^^ ^ Fig. 19. at the point ^ and 

again at the point B^ 
and 80 continue in 
each subsequent re- 
volution. 

The imaginary sun 
B on the circle every- 
where describes equal 
angles in equal times ; 
and the true sun, on 
the ellipse, describes 
only equal areas in 
equal times ; but the angles mQ be unequal. Conceive the 
two suns to depart, at the same time, from the point JB, 
and, after a certain interval of time, one is at s, the other at 
s\ Then we must have 

area oBs : area mBs' : : area ellipse : area circle, 
.Mean and The angle Bms* is the angle the sun would make, or its 
increase in longitude from the apogee ; provided the angular 
motion of the sun was uniform. The angle Bos is its true 
increase of longitude ; the difference between these two angles 
is the angle mno. 

The angle Bms' la always known by the time; and if to 
every degree of the angle Bms' we knew the corresponding 
angle mno, the two would give us the angle Bos; for, 
Bms' — i»«o=mo«, or Bos, 
The angle Bms' is called the mean anomaly, and the angle 
Bos IS called the true anomdy. 
The eqna. The angle Bms' is greater than the angle JSo9, all the 
tion of the ^^y f^Qjj^ ^hc apogco to the perigee; but from the perigee to 
the apogee, the true sun, on the ellipse, is in advance of the 
imaginary sun on the circle. 

The angle mno\a called the eqtiaHon of the center; that is, 
it is the angle to be applied to the angle about the center m, 
to make it equal to the tnte amomaly. 

The angle mno depends on the ecoentricity of the ellipse; 
and its amount is put in a table corresponding to every 



irae 
Bialy. 
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degree of the mean anomdi/; snbtractive, from the apogee to cbap. m. 
the perigee, and additive from the perigee to the apogee.* 

(81.) Again : conceive the two biuib to set out from the same Th« great, 
point, B; and as the angle Bms' increases uniformly, it will "* jq^^tion 
increase and become greater and greater than the angle ^o«, gives th« eo. 
until the true sun attains its mean angular motion, and no ««tttricity of 
longer. Then the angle mno attains its greatest value, and, 
at that time jbhe side mn=no^ and the point n is perpendicular 
oyer om, and 09 is a m£an proportional between o B and oA, 
That is, when the sun, or any planet, attains the greatest egua- 
turn of the cerder, the true sun is very near the extremity of 
the shorter axis of the ellipse : o, the greatest equation of the 
center, can be determined by observation; and, from the 
greatest equation, we have the most accurate method of com- 
puting the eccentricity of the ellipse, as we may see by the 
note below.t 

t Let C (Fig. 20) be the 
place of the true sun, and G 
the place of the imaginary 
sun ; the line m F cuts off 
equal portions of the circle 
and the ellipse. Then we 
have to make the sector 
mFG to the triangle omO, 
as the circle is to the' ellipse. Now let 

mB=za, mC=ib,. tm^ea, 9r=3.1416; 

Then, the area of the circle is ^a^ ; the area of the ellipse is 

vrab; that of the sector is (0F)^, and of the triangle -^. 




Hence, - -^ 



am 



(I) 



wdb : ^a^ ; 



* By a mere mechanical contrivance, the modem astronomical tables 
are so arranged, that all corrections are rendered additive ; so that the 
mechanical operator-cannot make a mistake, as to signs, and he may 
continne to work without stopping to think. These arrangements 
have thoir advantages, te ikey cover up and obscure principke, 

n 
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Cbat. m. When onoe the eooentricity of any planetary ellipse be- 
comes known, the equation of the center, corresponding to all 
degrees of the mean anomalyy can be computed and put into 
a table for future use ; but this labor of constructing tables 
belongs exclusively to the mathematician. 

Method of Or, - - tab I (&F)a :: b : o; 

dedooing the 

eccentricity Or, - - ea z GF : : 1 : 1 . • 
mTtett e* Consequently, OF^s^ea^ and FQ^s^cm ; which shows that the 
qnation of angle o Cm is nearly equal toFm 0, unless it is a very eocen- 
the center. ^^ eDipse. Now WO must computo the number of degrees 
in the arc FG, The whole circumference is %ra. 
Therefore, 2«'a : «a : : 360 : vltc FG: 

Hence, - - - arc j^^= wangle nmC. 

But the angle onm=^nm C-|-» (7m=2«w C, nearly; 

Therefore, =2nm C=onni^sB greatest equation of 

center, nearly. 

But the greatest equation of the center, for the solar orbit, 
is, by observation, 1^ 55' 80" ; and as the sun has not quite 
its greatest equation of the center, when at the point (7, it will 
be more accurate to put 

i^==lo 65' 24". 

From this equation, it is true, we have only the approxi- 
mate value of e ; but it is a very approximate value, and suffi- 
ciently accurate. 

Eeducing both members to seconds, and we have, 
8600-360 <?=6924^, and e=0.0167842. 

The greatest equation of the center is at present diminish- 
ing at the rate of 17".17 in one hundred years: this corre- 
sponds to a diminution of eccentricity by 0.00004166 , which 
is determined by a solution of the following equation: 
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CHAPTER IV. 

THE CAUSES OF THE CHANGE OF SEASONS. 

( 82. ) The annual revolution of the earth in its orbit, Chap, iv. 
combined with the position of the earth's axis to the plane 
of its orbit, produces the change of the seasons. 

If the axis were perpendicular to the plane of its orbit, The cause 
there would be no change of seasons, and the sun would then °J!^ 
be all the while in the celestial equator. 

This will be understood by Fig. 21. Conceive the plane 
of the paper to be the plane of the earth's orbit, and conceive 
the several representations of the earth's axis, i\^^, to be in- 
clined to the paper at an angle of 66° 32'. 
Fig. 21. A 



of the chang« 
leatons. 




In all representations of yS, one half of it is supposed to 
be above the paper, the other half below it. 

yS is always parallel to itself; that is, it is always in the 
same position* — always at the same inclination to the plane 

• Except mfnute variations, which it would be improper to notice in 
this part of tiie worji. 

7 
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Chap. IV . of its orbit — always directed to the same point in the hea- 
vens, in whatever part of the orbit it may be. 

The plane of the equator, represented by Eg, is inclined to 
the plane of the orbit by an angle of 23° 28'. 

Importance gy inspecting the figure, the reader will gather a clearer 

of inspecting . - f ° i , i i - i 

the figure. "^^^ ^f the subjcct than by whole pages of description : he 
will perceive the reason why the sun must shine over the 
north pole, in one part of its orbit, and fall as far short of 
that point when in the opposite part of its orbit ; and the 
number of degrees of this variation depends, of course, on the 
position of the axis to the plane of the orbit. 
Position of Now conceivc the line NS to stand perpendicular to the 
"" ^^ plane of the paper, and continue so ; then Eq would lie on . 



change of the paper, and the sun would at all times be in the plane of 
■eaaont. ^^ equator, and there would be no change of seasons. If 

N S were more inclined from the perpendicular than it now 

is, then we should have a greater change of seasons. 

By inspecting the figure, we perceive, also, that when it is 

summer in the northern hemisphere, it is ' winter in the 

southern ; and conversely, when it is winter in the northern ^ 

it is summer in the southern. 

When a line from the sun makes a right angle with the 

earth's axis, as it must do in two opposite points of its orbit, 

the sun will shine equally on both poles , and it is then in the 

plane of the equator; which gives equal day and night the 

world over. 

Equal days and nights, for all places, happen on the 20th 

of March of each year, and on the 22d or 28d of September. 

At these times the sun crosses the celestial equator, and is 

said to be in the equinox. 
The eqni- The longitudc of the sun, at the vernal equinox, is 0° ; and 
Bocu^ and g^t tjie autumnal equinox, its longitude is 180®. 
points. The time of the greatest north declination is the 20th of 

June ; the sun's longitude is then 90^, and is said to be at 

the summer solstice. 

The time of the greatest south declination is the 22d of 

December ; the sun's longitude, at that time, is 270°, and 

is said to be at the idnter solstice. 
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By inspecting the figure, we perceive, that when the earth Chap. ir. 
is at the Bummer solstice, the north pole, P, and a conside- Long gea. 
rable portion of the earth's surface around, is within the en- ■<>«• »f "»• 
lightened half of the earth ; and as the earth revolves on its dJ,kne8« * at 
axis yS, this portion constantly remains enlightened, giving and about 
a constant day — or a day of weeks and months duration, ®p**'*- 
according as any particular point is nearer or more remote 
from the pole : the pole itself is enlightened full six months 
in the year, and the circle of more than 24 hours constant 
sunlight extends to 23^ 28' from the pole (not estimating the 
effects of refraction). On the other hand, the opposite, or 
south pole, 5, is in a long season of darkness, from which it 
can be relieved only by the earth changing position in its 
orbit. 

" Now, the temperature of any part of the earth's surface ^*"?'^^ 
depends mainly, if not entirely, on its exposure to the sun's earth, 
fays. Whenever the sun is above the horizon of any place, 
that place is receiving heat ; when below, parting with it, by 
the process called radiation; and the whole quantities re- 
ceived and parted with in the year must balance each other 
at every station, or the equilibrium of temperature would not 
be supported. Whenever, then, the sun remains more than 
12 hours above the horizon of any place, and less beneath, 
the general temperature of that place will be above the ave- 
rage ; when the reverse, below. As the earth, then, moves 
from A to B, the days growing longer, and the nights shorter 
in the northern hemisphere, the temperature of every part of 
that hemisphere increases, and we pass from spring to sum- 
mer, while at the same time the reverse obtains in the southern 
hemisphere. As the earth passes from B to C, the days and 
nights again approach to equality — the excess of temperature 
in the northern hemisphere, above the mean state, grows less, 
as well as its defect in the southern ; and at the autumnal 
equinox, C, the mean state is once more attained. From 
thence to i>, and, finally, round again to A, all the same ph( 
nomena, it is obvious, must again occur, but reversed ; it beii 
now winter in the northern, and summer in the south( 
hemisphere." 

H* 
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Ohaf. IV . The inquiry is sometimes made why we do not have the 
warmest weather about the summer solstice, and the coldest 
weather about the time of the winter solstice. 
Times of This would be the case if the sun immediately ceased to 
■ give extra warmth, on arriving at the summer solstice ; but 
if it could radiate extra heat to warm the , earth three weeks, 
before it came to the solstice, it would give the same extra 
heat three weeks after; and the northern portion of the earth 
must continue to increase in temperature as long as the sun 
continues to radiate more than its medium degree of heat 
over the surface, at any particular place. Conversely, the 
whole region of country continues to grow cold as long as 
the sun radiates less than its mean annual degree of heat 
over that region. The medium degree of heat, for the whole 
year, and for all places, of course, takes place when the sun 
is on the equator; the average temperature, at the time of 
the two equinoxes. The medium degree of heat, for our 
northern summer, considering only two seasons in the year, 
takes place when the sun's declination is about 12 degrees 
north; and the medium degree of h^at, for winter, takes place 
when the sun's declination is about 12 degrees south ; and 
if this be true, the heat of summer will begin to decrease* 
about the 20th of August, and the cold of winter must essen- 
tially abate on or about the 16th of February, in all northern 
latitudes. 



CHAPTER V. 

EQUATION OF TIME. 



( 83.) Wb now come to one of the most important subjects 
in astronomy — the equation of time. 

Without a good knowledge of this subject, there will be 

constant confusion in the minds of the pupils ; and such is 

the nature of the case, that it is difficult to understand even 

the facts, without investigating their causes. 

Sidereal Sidereal time has no equation; it is uniform, and, of itself, 

' perfect and complete. 
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The time, by a perfect clock, is theoretically perfect and Chap. iv. 
complete, and is called tnean time. 

The time, by the sun, is not uniform; and, to make it Sokr tim'* 
agree with the perfect clock, requires a correction — a quan- "<>'«"'fi>"» 
tity to make equality; and this quantity is called the equa- 
tion of time.* 

If the sun were stationary in the heavens, like a star, it 
would come to the meridian after exact and equal intervals 
of time; and, in that case, there would be no equation of 
time. 

If the sun's motion, in right ascension, were uniform, then 
it would also come to the meridian after equal intervals of 
time, and there would^ still be no equation of time. But 
( speaking in relation to appearances ) the sun is not station- 
ary in the heavens, nor does it move uniformly ; therefore it 
cannot come to the meridian at equal intervals of time, and, 
of course, the solar days must be slightly unegfwl. 

When the sun is on the meridian, it is then apparent noon. Mean and 
for that day : it is the real solar noon, or, as near as may be, »pp"** 
half way between sunrise and sunset ; but it may not be 
noon by the perfect clock, which runs hypothetioally true and 
uniform throughout the whole year. 

A fixed star comes to the meridian at the expiration of 
uvery 23 h. 56 m. 04.09 s. of mean solar time ; and if the sun 
were stationary in the heavens, it would come to the meridian 
after every expiration of just that same interval. But the 
sun increases its right ascension every day, by its apparent 
eastward motion ; and this increases the time of its coming 
to the meridian ; and the mean interval between its successive 
transits over the meridian is just 24 hours ; but the actual 
intervals are variable — some less, and some more, than 24 
hours. 

On and about the 1st of April, the time from one meridian 
of the sun to another, as measured by a perfect clock, is 23 h. 
59 m. 52.4 s. ; less than 24 hours by about 8 seconds. Here, 
then, the sun and clock must be constantly separating. On 

* In astronomy, the term equation is applied to all corrections to 
convert a mean to its tme quantity. 
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Chap. V. and about the 20tli of December, the time from one meridian 
of the sun to another is 24 h. Om. 24.3 s., more than 24 
seconds over 24 hours ; and this, in a few' days, increases to 
minutes — and thus we perceive the fact of equation of time. 
Equation To detcct the law of this variation, and find its amount, 
reiuUof two ^^ ™^^*' s®P*^^**^ *^® cause into its two natural divisions, 
caves. 1. The unequal apparent motion of the sun along the ecliptic. 

2. The variable indinaiion of this motion to the equator. 
If the sun's apparent motion along the ecliptic were uni- 
form, still there would be an equation of time ; for that mo- 
tion, in some parts of the orbit, is oblique to the equator, and, 
in other parts, parallel with it ; and its eastward motion, in 
right ascension, would be greatest when moving parallel with 
the equator. • 

From the first cause, separately considered, the sufT and 
clock would agree two days in a year — the 1st of July and 
the 30th of December. 

From the second cause, separately considered, the sun and 
• clock agree four days in a year — the days when the sun 

crosses the equator, and the days he reaches the solstitial 
points. 

When the results of these two causes are combined, the 
sun and dock will agree four days in the year; but it is on 
neither of those days marked out by the separate causes ; and 
the intervals between the several periods, and the amount of 
the equation, appear to want regularity and symmetry. ' 
Dajn in The four days in the year on which the sun and clock 

^hch'"tbB ^o^®®» *^** ^^» ®^°^ ^^^^ ^^ *^® ^*°^® instant, are April 15th, 
ran and June 1 6 th, September 1st, and December 24th. 
dock H>M« The greatest amount, arising from the first cause, is 7 m. 
42 s., and the greatest amount, from the second cause, is 9 m. 
53 s. ; but as these maximum results never happen exactly at 
the same time, therefore the equation of time can never 
amount to 17 m. 35 s. In fact, the greatest amount is 16 m. 
17 s., and takes place on the 3d of November ; and, for a long 
time to come, the maximum value will take place on the same 
day of each year ; but, in the course of ages, it will vary in 
its amount and in the time of the year in which the sun and 
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dock agree, in consequence of the slow and gradual change chap. v. 
in the position of the solar apogee. (See Art. 77.) 

( 84. ) The elliptical form of the earth's orbit gives rise to The eqva* 
the unequal motion of the earth in its orbit, and thence to the **"" ®^ ** 

ran s center, 

apparent unequal motion of the sun in the ecliptic; and this ^nd the fint 
same unequal motion is what we have denominated the first p*^ ^^ ^^ 
cause of the equation of time. Indeed, this part of the equa- tto*/**"haTe 
tion of time is nothing more than the equation of the center » 
(80), changed into time at the rate of four minutes to a degree. 

The greatest equation for the sun's longitude ( 81, note ), 
is by observation 1^ 55' 30"; and this, proportioned into 
time, gives 7 m. 42 s., for the maximum effect in the equation 
of time arising from the sun's unequal motion. When the sun 
departs from its perigee, its motion is greater than the mean 
rata^nd, of course, comes to the meridian later than it other- 
wise would. In such cases, the sun is said to be slow — and 
it is slow all the way from its perigee to its apogee; and fast 
in the other half of its orbit. 

For a more particular explanation of the second cause, we 
must call attention to Fig. 22. 

Let qp2D=^ (Fig. 
22 ) represent the 
ecliptic, and ^ C^ 
the equator. 

By the first cor- 
rection, the apparent 
motion along the 
ecliptic is rendered ^ 
uniform; and the sun 
is then supposed to 
pass over equal spaces 
in equal intervals of 
time along the arc 
op S gs. But equal 

spaces of arc, on the ecliptic, do not correspond with equal 
spaces on the equator. In short, the points on the ecliptic 
must be reduced to corresponding points on the equator; 
For instance, the number of degrees represented hj^Sou 
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CuAF, Y. the ecliptic, is greater than to the same meridian along tho 
equator. The difference between <^Saad ^ip ^'^ turned into 
time, is the equation of time arising from the obliquity of the 
ecliptic corresponding to the point S, 

At the points T, 23, and :£^, and also at the southern 
tropic, the ecliptic and the equator correspond to the samo 
meridian; but all other equal distances, on the ecliptic and 
equator, are included by different meridians. 
How to To compute the equation of time arising from this cause, 
compnte the yjfQ m^st solvcthe Spherical triangle <^SS'; op Sis the sun's 
oTSw eqna. lougitudc, and the angle at qp is the obliquity of the ecliptic, 
uonoftimo. and at ^' is a right angle. Assume any longitude, as 82^, 
36° or 40°, or any other number of degrees, and compute 
the base. The difference between this base and the sun's 
longitude, conyerted into time, is the quantity sought eorre- 
sponding to the assumed longitude ; and by assuming every 
degree in the first quadrant, and putting the result in a table, 
we have the amount for every degree of the entire circle, for 
all the quadrants are symmetrical, and the same distance from 
either equinox wiQ be the same amount. 
Whrt ii The perfect clock, or mean time, corresponds with the 
meuitbyran equator; and as uniform spaces along the equator, near the 
of dock. ^^ point qp, will pass over more meridians than the same num- 
ber of equal spaces on the ecliptic ; therefore the sun, at S, 
will ha fast of dock, or come to the meridian before it is noon 
by the clock — and this will be true all the way to the tropic, 
or to the 90th degree of longitude, where the sun and clock 
will agree. In the second quadrant, the sun wiU come to the 
meridian after the clock has marked noon. In the third qua- 
drant the sun wiQ again he fast; and, in the fourth quadrant, 
again slow of clock. 

It will be observed, by inspecting the figure, that what the 
sun loses in eastward motion, by oUique direfiio/n near the 
equator, is made up, when near the tropics, by the diminished 
distances between the meridians. 

For a more definite understanding of this matter, we give 
thos following table. 
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Table shomng the separate results of the two causes for the equa* Chap, v. 
tion of Htm, corresponding to every fifth day of the second 
years after leap year; but is nearly correct for amy year. 





Ist cause. 
Son slow 
of Clock. 


2d cause. 
Sun slow 
ofClock. 




1st cause. 
Sun fast. 


8d cause. 
Bun slow. 






in. 8. 


m. 8. 




m. s. 


m. s. 


January 5 


41 


5 8 


July 1 





3 32 




10 


1 22 


6 35 


7 


40 


5 8 




15 


2 2 


7 48 


12 


1 19 


6 35 




20 


2 41 


8 45 


17 


1 57 


748 




25 


3 19 


9 26 


22 


2 35 


8 45 




29 


3 56 


9 49 


28 


3 12 


9 26 


Feb, 


3 


4 30 


9 53 


Aug. 2 


3 47 


9 49 




8 


5 2 


9 40 


7 


4 21 


9 53 




13 


5 32 


9 9 


12 


4 52 


9 40 




18 


5 39 


8 23 


17 


5 22 


9 9 




23 


6 24 


7 22 


22 


5 50 


8 23 




28 


645 


6 9 


28 


6 14 


7 22 


March 


5 


7 3 


4 46 


Sept. 2 


6 36 


6 9 




10 


7 18 


3 15 


7 


6 56 


4 46 




15 


7 29 


1 39 


12 


7 12 


3 15 




20 


7 37 


sun fast 


17 


7 24 


1 39 




25 


7 42 


1 39 


23 


7 34 


sun fast 




30 


7 42 


3 15 


28 


740 


1 39 


April 


4 


7 40 


4 46 


Oct 3 


7 42 


3 15 




9 


734 


6 9 


8 


740 


4 46 




14 


724 


7 22 


13 


7 34 


6 9 




19 


7 12 


8 23 


la 


7 24 


722 




24 


6 56 


9 9 


23 


7 12 


823 




30 


6 36 


9 40 


28 


6 56 


9 9 


May 


5 


6 14 


9 53 


Nov. 2 


6 36 


9 40 




10 


5 50 


9 49 


7 


6 14 


9 53 




15 


522 


9 26 


12 


5 50 


9 49 




20 


4 52 


845 


17 


5 22 


9 26 




26 


4 21 


7 48 


22 


4 52 


845 




31 


3 47 


6 35 


27 


422 


748 


June 


5 


3 12 


5 8 


Dec. 2 


3 47 


6 35 




10 


2 35 


3 32 


7 


3 12 


5 8 




16 


1 57 


1 48 


12 


2 35 


3 32 




21 


1 19 


sun slow 


17 


1 57 


1 48 




36 


040 


1 48 


21 
26 


1 19 
40 


sun slow. 
1 48 



By this table, the regular and symmetrical result of each ^^^ ^ ^^ 
cause is visible to the eye ; but the actual value of the equa* pncedtn; 
tion of time, for any particular day, is the combined results ^^^' 
of these two causes. Thus, to find the equation of time for 
the 5th day of March, we look at the table and find that 
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Obaf. y. The fitst cause gives sun slow, - - - 7in. 3 s. 
The second, " sun slow, - - - 4 46 
Their combined result (or algebraic sum) is 11 49 slow. 

That is , the sun being slow, it does not come to the meridian 
until 11m. 49 s. after the noon shown by a perfect clock ; but 
whenever the sun is .on the meridian, it is then noon, apparent 
time ; and, to convert this into mean time, or to set the clock, 
we must add 11 m. 49 s. 
Uw of the By inspecting the table, we perceive, that on the 14th of 

lime!!* ° ^ April the two results nearly counteract each other ; and con- 
sequently the sun and clock nearly agree, and indicate noon 
at the same instant. On the 2d of November the two results 
unite in making the sun fast ; and the equation of time is 
then the sum of 6 36 and 9 40, or 16 m. 16 s. ; the maximum 
result. 

The sun at this time being fast, shows that it comes to the 
meridian 16 m. 16 s. before twelve o'clock, true mean time ; 
or, when the sun is on the meridian, the clock ought to show 
11 h. 43 m. 44 s. ; and thus, generally, when the sun is fast, we 
must subtract the equation of time from apparent time, to obtain 
mean time ; and conversely, when the sun is slow. 

As no clock can be relied upon, to run to true mean time, 
or to any exact definite rate, therefore clocks must be fre- 
quently rectified by the sun. We can observe the apparent 
time, ^nd then, by the application of the equation of time, we 
determine the true mean time, 
A table for (^^0 As the suu has a particular motion, corresponding 

equation of to every particular point on the ecliptic, and, at the same 

in** on**S»e ^^^y *^® particular point on the ecliptic has a definite rela- 
lonffi. tion to the equator, therefore any point, as S (Fig. 22), on 

tnde can be ^^^ ecKptic, has the two corrections for the equation of time ; 
consequently a table can be formed for the equation of time» 
depending on the longitude of the sun ; and such a table 
would be perpetual, if the longer axis of the solar orbit did 
not change its position in relation to the equinoxes. But as 
that change is very slow, a table of that kind wiU serve for 



■nn'i 
tnde 
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macj years, with a very trifling correction, and saoh a table Chap. v. 
is to be found in many astronomical wQrks. 

It is very important that the navigator, aatnmomer, and uuuty of 
clock refftdcUor, should thoroughly understand the equation of ^"tj^"*'***'* 
time; and persons thus occupied pay great attention to it; 
but most people in common life are hardly aware of its ex- 
istence. 



CHAPTER VI. 



tHE APPARENT MOTIONS OF THE PLANETS. 



( 86.) Wb have often reminded the reader of the great Oh^« vi » 
regularity of the fixed stars, and of their uniform positions in 
relation to each other ; and by this very regularity and con- 
stancy of relative positions, we denominate them fixed; but 
there are certain other celestial bodies, that manifestly change 
their positions in space, and, among them, the sun and moon 
are most prominent. 

In previous chapters, we have examined some facts cpn- R«o»pita. 
cerning the sun and moon, which we briefly recapitulate, as ^*****"* 
follows : 

1. That the sun's distance from the earth is very great; 
but at present we cannot determine how great, for the want 
of one element — its horizontal parallax. 

2. Its magnitude is much greater than that of the earth. 

3. The distance between the sun and earth is slightly va- 
riable ; but it is regular in its variations, both in distance and 
in apparent angular motion. 

4. The moon is comparatively very near the earth; its 
distance is variable, and its mean distance and amount of 
variations are known. It is smaller than the earth, although, 
to the mere vision, it appears as large as the sun. 

The apparent motions of both sun and moon are always in 
one direction; and the variations of their motions are never 
far above or below the mean. otberoeies- 

But there are several other bodies that are not fixed stars; tiaibodi«i. 
7 I 
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Chap. yi. and altbough not as conspicuous as the gnn and moon, bavo 
been known from time immemorial. 

Tbej appear to belong to one family; but, before the true 

system of the world was discovered, it was impossible to give 

any rational theory concerning their motions, so irregular 

and erratic did they appear ; and this very irregularity of 

their apparent motions induced us to delay our investigations 

concerning them to the present chapter. 

ThepiM- Iq general terms, these bodies are called planets — and 

.— •■■■• there are several of recent discovery — and some of very 

recent discovery; but as these are not conspicuous, nor well 

known, all our investigations of principles will refer to the 

larger planets, Venus, Mars, Jupiter, and Saturn. We now 

oommence giving some observed facts^ as extracted from the 

Cambridge astronomy 

The mom. ( 87.) " There are few who have not observed a beautiful 

ingaadeTen. ^^ '^ ^y^^ ^^g^ a little after suusct, and called, for this rea- 

isfstar. 

son, the evemng «tor. Thid star is Venus. If we observe it 
for several days, we find that it does not remain constantly 
at the same distance from the sun. It departs to a certain 
distance, which is about 45^, or ^th of the celestial hemi- 
sphere, affce]< which it begins to return; and as we can ordi- 
narily discern it with the naked eye only when the sun is 
below the horizon, it is visible only for a certain time imme- 
diately after sunset. By and by it sets with the sun, and 
then we are entirely prevented from seeing it by the sun's 
light. But aner a few days, we perceive, in the morning, 
near the eastern horizon, a bright star which was not visible 
before. It is seen at first only a few minutes before sunrise, 
and is hence called the morning star. It departs from the 
sun from day to day, and precedes its rising more and more; 
but after departing to about 45^, it begins to return, and 
rises later each day ; at length it rises with the sun, and we 
cease to distinguish it. In a few days the evening star again 
appears in the west, very near the sun ; from which it departs 
in the same manner as before; again returns; disappears for 
a short time ; and then the morning star presents itself. 
These alteniations, observed without intermption for more 
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tban 2000 years, evidently indicate that the evening and Cba?. tl 
morning star are one and the same body. They indicate, also, 
that this star has a proper motion, in virtne of which it oscil- 
lates about the sun, sometimes preceding and sometimes fol- 
lowing it. 

These are the phenomena exhibited to the naked eye ; but 
the admirable invention of the telescope enables us to carry 
our observations much farther." 

( 88. ) On observing Venus with a telescope, the irradiation The pha«©« 
is, in a great measure, taken away, and we perceive that it ^ 
hvLB phases, like the moon. At evening, when approaching the 
sun, it presents a luminous crescent, the points of which are 
from the sun. The crescent diminishes as the planet draws 
nearer the sun ; but after it has passed tbe sun, and appears 
on the other side, the crescent is turned in the other direction ; 
the enlightened part always toward the sun, showing that it 
receives its light from that great luminary. The crescent 
now gradually increases to a semicircle, and finally to a full ot Venu* r..; i 
circle, as the planet again approaches the sun; but, as the ^^ uj-pact 
crescent increases, the ajoparent diameter of the planet diminishes ; \^^^^ ^.^„^ 
and at every alternate approach of the planet to the sun, the spondin^ 
phase of the planet is full, and the apparent diameter small ; ^ '^"^'''' 
and at the other approaches to the sun, the crescent diminishes 
down to zero, and the apparent diameter increases to its 
maximum. When very near the sun, however, the planet is 
lost in the sunlight ; but at some of these intervals, between 
disappearing in the evening, and reappearing in the morning, 
it appears to run over the sun's disc as a rounds Uadc spot ; ' 
giving a fine opportunity to measure its greatest apparent 
diameter.'!' When Venus appears full, its apparent diameter 
is not more than 10", and when a black spot on the sun, it 
is 59".8, or very nearly 1'. Hence its greatest distance must 
be, to its least distance, as 59''.8 to 10, or nearly as 6 to 1. 

* Astronomers do not measure the apparent diameters of 
the planets by the process described for the sun and moon, 
because they pass the meridian too quickly. Most of them will 
pass the m^diao in a small fraction of a second. They use 
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Chap. VI. ( 89. ) When we come to form a theory concerning the 

real motion of this planet, we must pay particular attention 

to the fact, that it is always in the same part of the heavens 

Vena* ai- as the suu — never departing more than 47° on each side of 

ways noar j|. — called its greatest eloTigation. In consequence of being 

always in the neighborhood of the sun, it can never come to 

the meridian near midnight. Indeed, it always comes to the 

Greatest mgrjclian vMin three hours 20 minutes of the sun, and, of 

elongation. . i ,. i -n , . i . t i 

course, m daylight. But this does not prevent meridian ob- 
servations being taken upon it, through a good telescope ; * 

a TMcrometer, which is two spider lines, always parallel, near 
the focus of a telescope, and so attached, by the mechardsm of 
screws, as to open and close at pleasure. 

To understand its grade of adjustment, bring the two lines 
together, so as to form one line. Then take any object, 
whose angular diameter is known at that time, as the diame- 
ter of the ^un, and open the lines so as just to take in its 
disc, counting the turns, and parts of a turn given to the 
index screw to open to this object. From this we can com- 
pute the angle corresponding to one tum^ or to any part of a 
turn, of the index screw. 

Now if we wish to measure the apparent diameter of any- 
planet, bring the lines together, and then open them, just to 
inclose the planet; and the number of. turns, or the part of a 
turn, given to the screw, will determine the result. 

This may not be the exact mechanism of every micrometer, 
but this is the principle of their construction. 

* Perhaps we ought to have informed the reader before, "that the 
Stan continue visible through telescopes, during the day, as well as the 
night ; and that, in proportion to the power of the instrument^ not ohly 
the largest and brightest of them, but even those of inferior luster, such 
as scarcely strike the eye, at night, as at all conspicuous, are readily 
found and followed even at noonday, — unless in that part of the sky 
which is very near the sun, — ^by those who possess the means of point- 
ing a telescope accurately to the proper places. Indeed, from the bot- 
toms of deep narrow pits, such as a well, or the shaft of a mine, such 
bright stats as pass the zenith may even be discerned by the naked eye; 
and we have oorselves heard it stated by a celebrated optician, that th« 
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ftod, as to this particulav planet, it is sometimes so bright as chap. vi. 
to be seen by the unassisted eye in the daytime. 

( 90.) Even without instruments and meridian observations, Motion of 
the attentive observer can determine that the motion of Venus, ^"**" *° ^®* 

. . , . . *pwit to the 

in relation to the stars, is very irregular — sometimes its gt&rs. 
motion is rapid — sometimes slow — sometimes direct — some- 
times stationaiy, and sometimes retrograde;* but the direct 
motion prevails, and, as an attendant to the sun, and in its 
own irregular manner, as just described, it appears to tra- 
verse round and round among the stars. 

( 91. ) But Yenus is not the only planet that exhibits the Meronry 
appearances we have just described. There is one other, and ■""^^" *" ^^ 

•*••*• appearances 

only one -^ Mercury; a very small planet, rarely visible to the to venaa. 
naked eye, and not known to the very ancient astronomers. 
Whatever description we hav« given of Venus applies to Mer- 
cury, except in degree. Its variations of apparent diameter 
are not so great, and it never departs so far from the sun ; 
and the interval of time, between its vibrations from one side 
to the other of the sun, is much less than that of Venus. 

(92.) These appearances clearly indicate thai the sunrmcst be A eoncin. 
the center, or near the center, of these matixms, and not the earth ; "**"' 
cmd thai Mercury must revolve in an orbit vnthin that of Venus. 

So dear and so unavoidable were these inferences, that even 
the ancients ( who were the most determined advocates for 
the immobility of the earth, and for considering it as the 
principal object in creation — the center of all motion, etc.) 
were compelled to admit them; but with this admission, they 
contended, that the sun moved round the earth, carrying 
these planets as attendants. 

(93.) By taking observations on the other planets, the an- ^^ ^p^. 
cient astronomers found them variable in their apparent diam- rant diame. 

«arlie6t circumstance which drew his attention to astronomy, was the 
regular appearance, at a certain hour, for several successive days, of a 
considerable star, through the phaft of a chimney." — Hersekel^s AttrO' 
turniy, 

* In astronomy, direct motion is eastward among the stars ; station^ 
ary is no apparent motion} in respect to the stars ; and retrograde is a 
westward motion. 

I* 
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CsAP.TT. eters, and angular motions; so much so, that it was impossUHe 

ten of the to recoThcUe aj>pearanc€8 vfith the idea of a sUxtumary pdrU of 

planets ara observation; unless the appekranoes were taken for realities, 

and that was against all true notions of philosophy. 

The planet Jftm is most remarkable for its variations; and 
t))o great distinction between this planet and Venus, is, that 
it does not always accompany the sun ; but it sometimes, yea, 
' at regular periods, is in the opposite part of the heavens froro 
the sun — called Opposition — at which time it rises about 
sunset, and comes to the meiudian about midnight. 
The earth The greatest apparent diameter of Mars takes place when 
uTofiu mo- *^® planet is in opposition to the sun, and it is then 17".l; and 
tion. its least apparent diameter takes place when in the neighbor- 

hood of the sun, and it is then but about 4"; showing that the 
sun, and not the earth, is the center of its motion. 
Bystemattc The general motion of all the planets, in respect to the 
iirogniaritie. ^^^^^^ jg direct; that is, eastward; but all the planets that 
attain opposition to the sun, while in opposition, and for some 
time before and after opposition, have a retrograde motion — 
and those planets which show the greatest change in appa< 
rent diameter, show also the greatest amount of retrograde 
motion — and all the observed irregularities are systematic in 
their irregularities, showing that they are governed, at least, 
by constant and invariable laws. If the earth is really sta* 
tionary, we cannot account for this retrograde motion of the 
planets, unless that motion is real; and if real, why, and 
how can it change from direct to stationary, and from station- 
ary to retrograde, and. the reverse? 
Retrograde Btit if we c&nceive the earth in moiion, and going the same 
motion of the ^^y ^^^ ^j^ planety and moving more rapidly them the plana, 

pjatiets aC' 

ooonted for. ihen the planet vnU appear to run back ; thai is, retrograde, 

. And as this retrogradation takes place with every planet, 
when the earth and planet are both on the same side of the 
sun, and the planet in opposition to the sun ; and as these cir- 
cumstances take place in all positions from the sun, it is a suf- 
ficient explanation of these appearances ; and conversely, then» 
these appearances show the motion of the earth. 

(94.) When a planet appears, stationary, it must be really 
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io, or be moving directly to or from the observer. And if it Ouxr vi. 
be moving to or from tbe observer, that eircumstance will be Planets mv. 
indicated by the change in apparent diameter ; and observa* "•'*'ion"y- 
tions confirm this, and show that no planet is really station- 
ary, although it may appear to be so. 

(95.) If we suppose the earth to be but one of a family of The evth a 
bodies, called planets — all circulating round the sun at dif- p^"*^*- 
ferent times — in the order of Mercury, Venus, Earth, Mars 
(omitting the small telescopic planets), Jupiter, Saturn, Her- 
schel, or Urarms, we can then give ,a rational and simple ac- 
count for every appearance observed, and without discassing 
the ancient objections to the true theory of the solar system, 
we shall adopt it at once, and thereby save time and labor, 
and introduce the reader into simplicity and truth. 

(96.) The true solar system, as now known and acknow* Gofmmkm 
ledged, is called the Gopemicaii system, from its discoverer, JJ^J^^^ 
Oopernicns, a native of Prussia, who lived some time in the tam. 
fifteenth century. 

But this theory, simple and rational as it now appears, and Lost and w. 
citable oi solving every difficulty, was not immediately adop- ^^^' 
ted ; for men had always regarded the earth as the chief 
object in God's creation \ and ccmsequently xoui, the lord of orea 
tion, a most important being. But when the earth was hurled 
from its imaginary, dignified position, to a more bumble 
place, it was feared that the dignity and vain pride of man 
must fall with it ; and it is probable that thifl was the root 
of the opposition to the theory. 

So violwt was the oppofotion to this theory, and so odious GaiUao vu 
would any one have been who had d^red to adopt it, that it *"■ dialogs 
appears to have been abandoned for more than one hundred 
years, and was l^evived by Galileo about the year 1620, who, 
to avoid persecution, presented his views under the garb of a 
dialogue between three fictitious persons, and the points lefib 
undecided. 

But the caution of Galileo was not sufficient, or his dia- 
logue was too convincing, for it woke up tiie sacred guardians 
of truth, and he was forced to sign a paper denouncing the 
theory as heresy, on the pain of perpetual imprifomisient. 
8 
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Cbat. ?i. Bat this is a digression. With the history of astronomy, as 
interesting as it may be, we design to haye little to do, and 
to proceed only with the scienee itself. 



CHAPTER VII. 

riBST APPBOXIMATIONS TO THE B£LATIV£ DISTANCES OF TH» 
PLANSTS PBOM THE SUN. HOW THE RESULTS ABE OBTAINED. 

(97.) Being convinced of the truth of the Copernican 
system, the next step seems to be, to find the periodical times 
of the reyolntions of the planets, and at least their relative 
distances from the sun. 
DiiUnotioB Mercury and Venus, never coming in opposition to the sun/ 
*»• but revolving around that body in orbits that are within that 
plan- ^^ *^® earth, are called inferior planets. 

Those that como in opposition, and thereby show that 
their orbits are outside of the earth, are called auperioT 
pLinets. 

We shaU show how to investigate and determine the posi- 
tion of one inferior planet ; and the same principles will be 
sufficient to determine the position of any inferior planet. 

It will be sufficient, also, to investigate and determine the 
orbit of one superior planet; and if that is understood, it may 
be considered as substantially determining the orbits of all 
the superior planets ; and after that, it will be sufficient to 
state results. 

For materials to operate with, we give the following table 
of the planetary irregularities ( so called) drawn from obser- 
vation : 



Plaaeto. 


Greateit 
Apparaat 
Bikmetan. 


Least 
Apparaat 
Diamatan. 


An^lar Dist. 
from Sun at the 
instant of beinf 
stationary. 


Mean aro of 
Retrogradation. 


Mercury. 

Veniia. 

Earth. 

Man. 

Jupiter. 

Saturn. 

Unnut. 


11.3 
59.6 

17.1 

44.5 

20.1 

4.1 


5.0 
9.6 

3.6 
30.1 
16.3 

3.7 


O # 

18 00 

28 48 

136 48 
115 12 
108 54 
103 30 


o / ■- 
13 30 
16 12 

16 12 
9 54 
6 18 
3 36 
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Planets. 


Mean Duration of the Retro- 
grade Motion. 


Mean Duration of the Synodic 
Revolution, or interval between 




two •nccessive oppositions. 


Mercury. 


23 days. 


118 days. 


Venus. 


42 " 


584 " 


Earth. 






Mars. 


73 " 


78.0 " 


Jupiter. 


121 " 


399 " 


Saturn. 


139 " 


378 " 


Uranus. 


151 « 


370 « 



Chap. YDU 



In the preceding table, the word mean is used at the head why the 
of several columns, because these elements ai:e variable — "^^'^ "^ 
sometimes more and sometimes less, than the numbers here ^ed. 
given — which indicates that the planets do not revolve in cir- 
cles round the sun, but most probably in ellipses, like the orbit 
of the earth. 

On the supposition, however, that the planets revolve in 
circles ( which is not far from the truth ), the greatest and 
least apparent diameters furnish us with sufficient data to 
compute the distances of the planets from the sun in relation 
to the distance of the earth, taken as unity. 

(98.) In addition to the facts presented in the preceding The eionfa. 
table, we must not fail to note the important element of the ^wnsofMer. 
elongiXtions of Mercury and Venus. This term can be applied ^^ 
to no other planets. 

It is very variable in regard to Mercury — showing that This element 
the orbit of that planet is quite elHptioal. The variation is ^^f*\*** 
much less in regard to Venus, showing that Venus moves «how«. 
round the sun more nearly in a circle. 

The least extreme elongation of Mercury is 

The greatest " " " is 

The mean (or the greatest elongation when 
both the earth and planet are at their 
mean distances from the sun ) is - - 

The least extreme elongation of Venus is 

The greatest " " " is 

The mean (or at mean distances), is 

The least extremes must happen when the planet is in its 
perigee and the earth in its apogee, and the greatest when 
the earth is in perigee and the planet in apogee; but it is 



17° 


37'. 


28° 


4'. 


22° 


46'. 


44° 58', 


47° 


30'. 


46° SC. 
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Chah. YIl. 



How to 
find the com- 
parative 
magnitudes 
of the orbits 
of Mercniy, 
Vencs, and 
the earth 



What to 
imderstand 
by station- 
ary. 



very seldom tbat these two circumstances take place at tbe 

same time. 

Kelying on these facts as established by observations, we 

can easily deduce the relative orbits of Mercury and Venus. 

Let S (Fig. 23) re- 
Fig. 23. X xi^ L .^. 
^ present the sun, U the 

earth, F Venus. 

Conceive the planet 
to pass round the sun 
in the direetion of A 
VB. 

The earth moves also 
in the same direetion. 
but not so rapidly as 
Venus. 

Now it is clearly evi- 
dent, from inspection, 
that when the planet is 
passing by the earth, as 
at By it will appear to 
pass along. in the hea- 
vens in the direction of 
m to n. But when the planet is passing along in its orbit, at 
Ay and the earth about the position of £1, the planet will 
appear to pass in the direction of n to m. When the planet 
is at Vy as represented in the figure, its absolute motion is 
nearly toward the earth, and, of course, its appearance is 
nearly stationary. ' 

It is absdtUely staHonari/ only at one point, and even then 
but for a moment ; and that point is where its apparent mo- 
tion changes from direct to retrograde, and from retrograde 
to direct ; which takes place when the angle SUVib about 
29 degrees on each side of the line SK 

When the line JS V touches the circumference A VB, the 
angle SE V,oi cangle ofdcmgationy is then greatest; and tiie 
triangle SE V is right angled at F; and if SE is made ra- 
dius, S V will be the sine of the angle SE V, 
But the line SEis assumed equal to umfy^ and then S V 
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"trill be the nfttoral «ine of 46^ 20', and can be taken out of ^„^, ^u, 

any table of natural Bines ; or it can be computed by loga- 

rithmg, and the result is .72336. 

For the planet Mercury, the mean of the same angle is 
'2"!° 46'; and the natural sine of that angle, or the mean radius 
of the planet's orbit, is .38698. 

Thus we have found the relative mean distances of three 
planets from the sun, to stand as follows : 

Mercury, 0.38698 

Venus, 0.72336 

Earth, 1.00000 

(99.) If the orbits were perfect circles, then the angle ^* •'*»**• 
S^V, of greatest elongation, would always be the same; l^^ ^^^ 
but it is an observed fact that it is not always the same ; not ciroi«t. 
therefore the orbits are not circles ; and when ^ F is least, 
and 8E greatest, then the angle of elongation is leaM ; and 
conversely, when BY v& greatest and 8 E least, then the 
angle of elongation is the greatest possible; and by observing 
in what parts of the heavens the greatest and least eloogations 
take place, we can approximate to the positions of the longer 
'axis of the orbits. 

( 100. ) By means of the apparent diameters, we can also Compnta- 
find the approximate relations of their orbits. For instance, ^^ J[ ' 
when the planet Yenus is at B^ and appears on the sun's nnt diam*. 
disc, its apparent diameter is 59".6 ; and when it is at -4, or *•" 
as near A as can be seen by a telescope, its apparent diame- 
ter is 9".6. Now put 

SB=x\ then -EB=1— or, and AE^\^, 

By Art. 66, 1— ar : l+o: : : 96 : 596; 

Hence, , - . - ar=0.72264. 

By ft like computation, the mean distance of Mercury fk>om 
the sun is 0.3864. 

(101.) To determine the mean rdcUive distances of the 
truperier planets from the sun, wo proceed as follows : 

Let /S (Fig. 24) represent the sun, E the earth, and If one 
of the supenpr planets, say Mar^, It is easy to decide, £rom 
observation, whm the [planet is ia cq^potitkNBi to the mm. 
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Cbap. 



^ iff 24. This gives the position 

i of Sf E, and My in one 
right line, in respect 
to longitude. Now by 
knowing the true angu- 
lar motion of the earth 
about the sun (73), and 
the mean angular mo- 
tion of the planet, * we 
can determine the angle 
\mSey corresponding to 
any definite future time ; 
I for, by the motion of the 
earth round the sun, we 
can determine the angle 
E Se; and by the mo- 
tion of the planet in the 
same time, we can determine the angle MSm; and the dif- 




The relative By means of apparent diameters, we can determine the 
pianeT*from "^*^^®s of the orbit. When the planet is in opposition to the 
the sun de. sun, at E (Fig. 24), mcasure its apparent diameter; and, 
termined by ^^^^^ ^ definite time, when the earth is at c, measure the ap- 

the varia* , 

tion in iti parent diameter again, and observe the angle S em. Pro- 
apparenfc dia- duce Sc to ti. Then, by the apparent diameters, we have 
the proportion of c m and en (en is the same slsEM, brought 
to this position); and in the triangle emn we have the pro- 
portion between the two sides and the included angle men. 
These are sufficient data to determine the angles enm and 
emn; and their difference is the angle Sme. Now we can 
determine the side Sm^, of the triangle Sme, and the triangle 
Semis completely known. Subtract the angle e Sm from 
the whole angle e SM, and the angle MSm is left. That 
is, while the earth is describing the atigle E Se, the planet 
describes the angle MSm, Put P for the periodical revo- 



» Here we anticipate a little ; for we have not shown how to deter- 
mine the periodical time of revolution from observation : but this w 
tAuma in a ftituie chapter, aid is tke above text mote. 
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ferenoe of these two angles is the angle m S e. By direct cwaf. ti t. 
observation at e, we determine the angle Sem; and two 
angles, and the side Se, of the triangle Sme, are sufficient to 
detemdne the side Sm, the value sought. The triangle 
gives the following proportion : 

em. Sme : 1 :: sin. o^w : /Sii»=-^ — ?r — • 

sin. Sme 

This is a general solution, for any superior planet ; but the whj tiM 
result is only approzixoate ; for, until we know the eccentri- ^*^^ '■ ■*• 
city of the orbit in question, and the part of the orbit in ^^ 
which the planet then is, we cannot accurately know the 
angle MSm. 

lution of the planet; then, on the supposition of uniform 
motion, we have 

BicMSm : 9x0 USe :: 365^ : P 

In this proportion the two arcs are known, and from thence 
P becomes known ; and thus, we perceive^ that by the variationi 
of the apparent diameter of a planet, we can determine its rda- 
tive distance from the sun, and its periodical revoltUUm, 

We give the following hypothetical example, for the pur- 
pose of further illustration. 

The apparent diameter of Mars, when in cpposiiion to the stm, a pnblMi 
was observed to be 17'M. One hundred and eleven days after" 
ward, token the earth had passed over 110^ of its orbit, the appu' 
rent diameter of Mars was again observed, and found to be T\4k, 
and its angular position, in longitude, was 87^ from the sun. 
From these data, it is required to find the rdaiive approximate 
distance of the plandfrom the sun, and the approximate time qf 
its revolution round the sun. 

From these data we have the angle if 5n=110^, Se m=s iti mIi 
87° ; therefore n e ^=93°. •**• - ^ 

M. 

By the observed apparent diameter, we have £M to em 
as 7".4 to 17".l; but EMz=en, therefore 

€» : Wi : : 74 : 171. 
In the triangle n«m we can take e»=74, and J^mssl71, 
for the purpose merely of finding the angles. Then, by trigo- 
nometry, we have 
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cnAFjTT. ( 1020 ^y a perusal of the last text note, it will be seen, 

Remits by those even who are not expert mathematicians^ that it is 

from varia- j^^^ difficult to decide upon the relative distances of the 

tioni in ap- i» i i 

parant dia- planets from the sun, by obserring their changes in apparent 
meton diameter, as seen from the earth. Such observations have 

been often made, and the following table shows the results; 

which are compared with the results deduced from Kepler's 

Third Law.* 



Planete. 


Deduced from appa- 
rent Diameters. 


From KepleHl 
Law. 


Difference or 
Eiw. 


Mercury • • • 
Venus .••.. 

Earth 

Man 

Jupiter 

Saturn 

TJranus 


0.386400 
0.722540 
1.000000 
1.533333 

5.180777 

9.579000 

19.500000 


0.387098 
0.723331 
1.000000 
1.523692 
5.202776 
9.538786 
19.182390 


-^.000698 
—.000791 

+.009641 
—.021999 
+.040214 
--.317610 



87° 
Text Boto 171+74 : 171 — 74 : : tan. -^ : tan. |, dilFerenee be- 

MBtiBMd. 

twoen the angle n and nme. 

That is, - 245 : 97 :: tan. 43° 80' : tan J Sm. 

Whmice, Sme^41^ IV. Now in the triangle Sme, 
sin. 4P 11' : 1 : : sin. 87^ : iS'm=:1.517. 

Secondly, as the angle Sme=^4:V> IV and Sem 87^, there- 
fore, - - m&=5P 49', and MSm 68<^ 11'. 

But the times of revolution, between any two planets, must 
be inversely as the angles they describe in the same time ; 
the greaier the angle, the shorter the periodic time; and 
therefore if we put P to represent the periodical revolution 
of Mars, we shall have 

58tV : 110 ?: 865^ : P. Hence P=;69af days. 

The true time is 686.97964; showing an error of a little 
more than three days; but this is not a great error, consider- 
ing the remoteness of the data, and the want of minuteness and 
unity in the siqpposed observaiwns. Our object is only to 
toaeh principles ; not, as yet, to establish nunute results. 



* A principlo to be explained in Physical AsUrenottiy* 
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The dbtanoes drawn from Kepler^s law, are conddered CuAP.nt. 
more aeonrate than conclnsionB drawn from most other eon- '~whylh« 
siderationB; and it is rath^ remarkable that theae deduc- '•nitt fiom 
tiont from the apparent diameters agree as well as thej do, ^eura can- 
awing to the difficulty of settling the exact apparent diam- not be niied 
eter, by observation. Take the apparent diametei^ of Ura- **•* ^" •®' 
ims, for example, 3".7 and 4".l, and change either of them 
-i^ of a second, and it will make a great difference in the 
dedtteed result. 



CHAPTER VIII. 

METHODS OV OBSXRTINa THB PSBIODIOAL BXYOLUTIONS 07 THK 
PLANETS, AND THSIB BELATITX DISTANCES PBOM THE SVN. 

( 103.) The subject of this chapter will be to explain the C hap. TC ft. 
principles of finding the periodical revolutions of the planets Why dinot 
around the sun. K observers on the earth were at the J|,^n7t*tottl 
center of motion, they could determine the times of revo- point, 
lution by simple observation. But as the earth is one of the 
planets, and all observers on its surface are carried with it, 
the observations here made must be subjected to mathemati- 
cal corrections, to obtain true results ; and this was an impos- 
sible problem to the ancients, as long as they contended for a 
stationary earth. 

If the observer could view the planets from the center of Tw bupm^ 
the sun, he would see them in their true places among the ^^ ****"' 
stars — and there are only two positions in which an observer 
on the earth will see a planet in the same place as thongh he 
viewed it from the center of the sun, and these positions are 
conjunction and (ypposUion, 

Thns, in Fig. 24, when the earth is at E, and a planet at 
My the planet is in opposition to the sun ; and it is seen pro- 
jected among the stars at the same point, whether viewed 
fipom 8 or from E. 

In Kg. 23, if the planet is at B, or A, it is said to #b in ^^^J^ 
Conjunction with the sun ; but a oonjanction camiot U o&- 1 
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<^AP.VUI. 



SerolntiM 
of iaftilof 
planet! kn, 
and of tapo- 
rior planets 
greater than 
a year. 



Tkmet of 
opposition 
ean bo ob- 



served on aoooant of the brilliancy of ihe son, aoless it be the 
two planets, Mercury and Yenns, and then only when they 
pass directly before the face of the sun, and are projected on 
its surface as a black spot. Such conjunctiom are called traneUe. 
( 104.) All the planets move around the sun in the same 
direction, and not fiEu: from the name plane, and the rudest 
and most careless observations show that those planets near- 
est the sun, perform their revolutions in shorter periods than 
those more remote. From this, we decide at once that the 
mean angular motion of all the superior planets is less than 
the mean angular motion of the earth in its orbit; and the 
mean angular motion of the inferior planets, as seen from 
the sun, is greater than the mean motion of the earth. 

( 105.) The time that any planet comes in opposition to 
the sun, can be very distinctly determined by observation. 
Its longitude is then 180 degrees from the longitude of the 
sun, and comes to the meridian nearly or exactly at midnight. 
K it is a little short of opposition at the time of one obser- 
vation, and a little past at another, the observer can propor- 
tion to the exact time of opposition, and such time ean be 
definitely recorded — and by such observation, we have the 
true position of the planet, as seen from ^e sun. Another 

opposition of the same kind and 
of the same planet, can be ob- 
served and recorded. 

The elapsed time between two 
fluch oppositions is called the sy- 
nodical revolution of the planet 
We note the time that a 
planet is in opposition to the 
sun. Then S^ E and Jf are in 
one plane as represented in Fig. 
25. If tbe planet M should 
remain at rest while the earth 
E made its revolution, then 
the synodical revolution would 
be the same as the length of 
our year. But all the planets move in the same dlxeotion at 
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the earth; and therefore the earth, after making a revolu- cbap.tiil 
tiou, must pass onward and employ additional time to over- 
take the planet ; and the more rapidly the planet moYea» the 
longer time it will require. Hence, in case two planets have 
bat a small difference in angular motion, their synodieal pe- General eon. 
riod must be proportionately long. The pjanet Jupiter •idmtimu. 
moves about 31° in its orbit in a year; and therefore, after 
one opposition, the earth is round to the same point in 365 j^ 
days, and to gain the 31° requires about 32 days more ; hence 
the synodieal reTolution of Jupiter must be about 397 daye^ 
by this very rou^h and imperfect computation. By inspect- 
ing the table on page 105, we perceive that the mean synodi- 
eal revolution of Jupiter is 399 days, and this observed C»ct 
shows us that Jupiter passes over about 31° in a year, and of 
course its revolution must be a little less than 12 years; and 
by the same considerations, we can form a rough estimate of 
the periodical revolutions of all the planets. 

( 106.) The general principle being understood, we may 
now be more scientifio. The mean motion of the earth Comimutioa 
in its orbit is very accurately known. Eepresent its daily ^**^™|Jf, 
motion by a. The angular motion of the planet ( any supe- foiu motio» 
rior planet that may be under consideration) is unknown; o'*^*"** 
therefore, represrat its didly motion by x. Let the angle £ 
SC represent a, and the angle MSm represent x; then the 
angle mSCoT(^ a — x ) will represent the daily angular advance ^ 
of the earth over the planet; and as many times as the an- 
gle m /S^C is contained in 360°, will be the number of days in 

OAA 

a synodieal revolution. . Therefore, = the observed 

•^ a — X 

time of a synodieal revolution ; and by taking the times from 
the table (page 105), we have the following equations : 

Man. Jupiter. Satora. ^Uranni. 

J6«_=780. -?«5-=399. -^=378. i^»370.* 
a — X a — X \a — x a — x 



« These equationi correspond to the general equation f s 

RobiBflonHi Algebra, pafs 105» Unlvenity edil]<ni* 
8 
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C teAF.Yfl L The Talae of a is 59' 8", and then a solution of these sev- 
eral equations gives the mean angular motion, per day, of the 
several planets, as follows : 

Man. Jnptter. Batnm. Uranin. 

31' 27" 4'59".4 1' 59".5 45".3 

T*»»» •f Dividing the whole circle 360® by the mean daily motion 
dMiTed"ftom ^' **^ planet, will give their respective times of revolution, 
tha angniw and the following are the results : 

"* *"* Man, Jnpitor. Batom. Ura&nt. 

687 days. 4331 days. 10840 days. 28610 days. 
( 106.) For the inferior planets, Mercury and Vemu, we 
have the same principle, only making x greater than a, and 

For Bfartanr. For Voani. 



M.=li8; M=584. 

aj-— a a? — a 

x=4P2^ir; ar=P36'7". 

Mean an- Thesc diumsl angular motions correspond to 89 days for 
"fthotafolv)" *^* revolution of Mercury, and 224.8 days for the revolution 
piaaots, and of Yenus. AH thcsc rcsults are, of course, understood as 
their r«ftota. ^g^ approximations, and accuracy here is not attempted, 
tho tmi. We are only showing principles ; and it will be noticed, that 
the times here taken in these considerations, are only to the 
nearest days , and not fractions of a day, as would be necessary 
for accurate results. By this method accuracy is never at- 
tempted, on account of the eccentricity of the orbits. No 
two synodical revolutions are exactly alike; and therefore 
it is very difficult to decide what the real mean values are. 

(107.) To obtain accuracy, in astronomy, observations 
must be carried tiirough a long series of years. The follow- 
ing is an example; and it will explain how Accuracy can be 
attained in relation to any other planet. 

On the 7th of November, 1631, M. Cassini observed Mer- 
cury passing over the sun ; and from his observations then 
taken, deduced the time of conjunction to be at 7 h. 50 m.^ mean 
time, at Paris, and the true longitude of Mercury 4AP 41' 35". 
OfaMn«. Comparing this occultation with that which took place in 
tiou eanM ^723, the true time of conjunction was November 9th, at 6 h. 
loot %o»M 29 m., p. M., and TSamsrfB loniittade waB 46^ 47' IMT. 
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The ekpsed time was 92 years, 2 days, 9 h. S9 m. Twenty* Oba*, vnii 
two <^ these years were bissextile ; therefore the elapsed time of yean, to 
was (92x365) days, pins 24 d. 9h. 89 m. ••<»>« ^' 

In th^s interval, Merenry made 882 roTolntions, and 2^ 5' '*^' 
45'' oyer. That is, in 88604.402 days, Merenry described 
187522.095826 degrees; and therefore, by dimnan, we find 
that in one day it wonld desoribe 4^.0928, at a mean rate. 

Thna, knowing the mean daOy rate to great aecnracy, ihe 
mean revolntion, in time, mnst be expressed by the fraction 

j^^; or, 87.9701 days, or 87 days 23 h. 15 m. 57 s. 

(108. ) The following is another method of observing the AaetiMr 
periodical times of the planets, to tpkUh we call the stadenft ^u^Mng^^ 
tpecial aUentkn. peiiodicaire. 

The orbits (^ all the planets are a little inclined to the "^"^ <^ 
plane of the ecliptic. 

The planes of all the planetary orbits pass throngh the 
center of the siui ; the plane of the eeliptio is one of them, 
and therefore the plane of the ecliptic and the plane of any 
other planet must intersect each oth^ by some Hne passing 
throngh the center of the sun. The intereecUcH cfUoojpUmf% 
ie alumf8 a straight Une. (See Gecuxietry.) 

The reader most also recognize and acknowledge the fol- 
lowing principle : 

Thai a hedy cannot appear to he in the pleme of on 6beeKymr^ 
unless it really is in tiuxt plane, 

For example : an observer is always in the plane of his 
meridian, and no body can appear to be in that plane unless 
it really is in that plane; it cannot be fffojected in or out of 
that plane, by parallax or refiraotion. 

Hence, when any one of the planets appears to be in the 
plane of the ecliptic, it actually is in that plane; and let the 
time be recorded when such a thing takes place. 

The planet will immediately pass out of the plane, because Wh^t b 
the two planes do not coincide. Passing the plane of the "^* ^ 
ecliptic is called passing the node. Keep track of the planet 
until it comes into the same plane ; that is, crosses the other 
tiode : in this interval of time the planet has described just 
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obat. vul 180^, aa seen from ike mm (unless the nodes themselves are 
Two BodM in motion, which in fiict they are; but such motion is not 
180 dagMM sensible for one or two revolutions of Venus or Mars). 
otiwrwiMA Continue observations on the same planet, until it comes 
ftom Um ton. into the ecliptic the second time after the first observation, 
or to the same node again; and M« Hme elapsed, is the time of 
a revcluHon of thai planet round the sun. From such observa- 
tions the periodical time of Venus became well known to 
astronomers, long before they had opportunities to decide it 
by comparing its transits across the sun's disc; and by thus 
knowing its periodical time and motion, they were enabled to 
calculate the times and circumstances of the transits which 
happened in 1761, and in 1769; save those resulting from 
parallax alone. 
FiiBtidtft of (109.) On comparing the time that a planet remains on 
of Hm^^^ ®*^^ side of the ediptic, we can form some idea of the position 
•ti. of its apogee and perigee. K it is observed to be on each side 

of the ecliptic the same length of time, then it is evident that 
the orbit of the planet is circular, or thafc its longer axis coin- 
cides with its nodes. If it is 'observed to be a shorter time 
north of the plane of the ecliptic than south of it, then it is 
evident that its perigee is north of the ecliptic; but nothing 
more definite can be drawn from this circumstance, 
nnaiiwoitt. ( 110.) Finally. By the combination of the different 
methods, explained in articles (98 ), ( 100 ), ( 101 ), ( 105 ), 
(107 )y and (108), and extending the observations through 
a long course of years, and from age to age, the times of rev- 
ohition, the mean relative distances of the planets from the 
sun, were approximated to, step by step, until a great (kgree 
of exactness was attained, and the following were the results : 
Sidereal Revolution. Mean distance from Q 



Mercury, - 


- . 87.969258 


0.387098 


Venns, - 


- - 224.700787 


0.723832 


Eartb, - 


• - 865.256883 


1.000000 


Mars, - 


- - 686.979646 


1.528692 


Jupiter, - 


- 4882.584821 


6.202776 


Saturn, - 


- 10759.219817 


9.538786 


Uranus, - 


- 30686.820830 


19.182390 
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( 111.) By inspeeting the preeeding table, we find that the qpAP. vra. 
greater the distance from the sun, the greater the time of TimetofreT. 
revolution ; but the rado for the time is greater than the ra^io ^^^^^ ^^ 
corresponding to distance ; yet we cannot doubt that some compand 
connecti(m exists between these ratios. 

For instance, let us compare the JSarth with Jtqnter. The 
fuHo between their times of revolution, is near 12. 

The ratio between their relative distances from the sun, as 
we perceive, is nearly 5.2. 

The square of 12 is 144 ; the cube of 5.2 is near 141. 
But 12 is a little greater than the real ratio between the 
times of revolution, and 5.2 is not quite large enough for the 
ratio of distance; and by taking the correct ratios, they seem 
to bear the relation of sgiuzre to cube. 

Without a very rigid or close examination, we perceive 
that five revolutions of Jupiter are nearly equal to two revolu- 
tions of Saturn ; that is, f is nearly the ratio between their 
times of revolution. « 

By inspecting the column of distances, we perceive that 
the ratio of the distances of these two planets, is nearly f f ; 
and if we square the first ratio, and cube the second, we shall 
have nearly the same ratio. 

Now let us compare two other planets, say Venus and lUinit dif. 
Mars, more exactly. 

Their ratio of revolution is 686.979 log. - 2.836948 

224.701 log. - 2.351601 
Log. of the ratio, - - - 0.485347 

Multiply by ... - 2 

Log. of the square of the ratio of time, 0.970694 

Their ratio of distance is, 15.23692 log. - 1.182883 

7.23332 log. - 859323 
Log. of the ratio, - - - 0.323560 

Multiply by 3 

Log. of the cube of the ratio of distance, 0.970680 . 

Thus we perceive that the squares of the times of revolu- 

fion, are to eaoh other as the cubes of the mean distances of 



ooT«r«d. 
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CteAP^u. the planets firom the son,"' and this is called K^giUrU third 
siepier** law ,' and it was by snoh numerioal oomparisons that Kepler 
^'^*' discovered the law.t 

We maj now recapitulate the three laws of the solar sys- 
tem, called Kepler^s laws, as they were discovered by that 
philosopher. 

lit. The orbits of the planets are elites, of which the sun 
occupies oneqfih^ foci, 

2d, The radius vector in each case describes areas about the 
focus, which are proportional to the times, 

M, The squares of thetimes of revdtdion are to each other 
as the cubes of the mean distances from the sun. 

* For a concise mathematical view of this subject, we give 
the following: Let d and J) represent mean distances from 
the sun, and t and T the tiznes of revolution. Then 

T J) , . 

-j-=zn, -j= ^9 n and m taken to represent the ratios. 

Square the 1st equati<m aad eube the 2d. Then 

7r=^'' and -^=wi^ 
But by inspection we know that 
n«=m3; therefore, -^= -^, or, t^:T».:d^: D^, 

t It appean that Kepler did not compare ratios, as we have done ; 
but took the more ponderous method of comparing the elements of the 
ratios (the nambers themselves ) ; for, says the historian : — It was on 
the 8th of March, 1618, that It first came into Kepler's mind to com- 
pare the powers of tixe numbers which express their revolutions and 
distances ; and by chance he compared the squares of the times with 
the cubes of the distances ; but from too great anxiety and impa- 
tience, he made such errors in computation, that he rejected the' hy- 
pothesis as false and useless ; but on examining almost every other 
relation in vain, he returned to the same bypothesiB, and on the 15th 
of May, of the same year, he renewed his calculation with complete 
success, and established this law, which has rendered his name im- 
mortal 
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CHAPTER IX. 

TRANSITS OP TENUS AND MEEOURY. HOW ST^n's HORIZONTAL 

PARALLAX DEDUCED 

( 112. ) We have thus far been very patient in our inves- chap. ix. 
tigations — groping along — finding the form of the planetary Attempu to 
orbits, and their rektive magnitudes; but, as yet, we know find the sun'i 
nothing of the distance to the sun; save the indefinite fact, p"*""- 
that it must be very great, and its magnitude great; but 
how great we can never know, without the sun's parallax. 
Hence, to obtain this element, has always been an interesting 
problem to astronomers. 

The ancient astronomers had no instruments sufficiently' Difficnkioi 
refined to determine this parallax by direct observation, in the of anciea* 
manner of finding that of the moon (Art. 60), and hence the ««*~»««»<»"- 
ingenuity of men was called into exercise to find some artifice 
to obtain the desired result. 

After Kepler's laws were established, and the relative dis- 
tances of the planets made known, it was apparent that their 
real distance could be deduced, provided the distance between 
the earth and any planet could be made known. 

(113.) The relative distances of the earth and Mars, from p„^ii„ ^ 
the sun (as determined by Kepler's law) are as 1 to 1.5237 ; Man. 
and hence it follows that Mars, in its oppositions to the sun, 
is but about one half as far from the earth as the sun is; and 
therefore its parallax (Art. 60) must be about double that 
of the eun; and several partially successful attempts were 
made to obtain it by observation. 

On the 15th of August, 1719, Mars being very near its Maraidi 
opposition to the sun, and very near a star of the 5th mag- ^^'^^^j^^ 
nitude, its parallax became sensible ; and Mr. Maraidi, an tion to th« 
Italian astronomer, pronounced it to be 27''. * The relative p"*"" ^ 
distance of Mars, at that time, was 1.37, as determined from 
its position and the eccentricity of its orbit. 

But horizontal parallax is the angle under which the earth ^ 

appears ; and, at a greater distance, it will appear under a 
9 



Digitized by VjOOQIC 



120 ASTRONOMY. 

Chap. IX. less aDgle. The distance of Mars from the earth, at that 
time, was .37, and the distance of the sun was 1 ; therefore^ 
1 : .37 :: 27" : 9".99, or 10", nearly, for the sun's horizon- 
tal parallax, 
obsw*. On the 6th of October, 1761, Mars was attentively ob- 
«iiUn^ J^ served by Wargentin and Lacaille (it being near its opposi- 
UoaiUe tion to the sun), and they found its parallax to b^ 24" .6^ 
from which they deduced the mean paraUax of the sun, 10".7. 
But at that time, if not at present, the parallax of Mars' 
could not be observed directly, with sufficient accuracy to> 
satisfy astronomers ; for no observer could rely on an angu- 
lar measure within 2" ; for full that space was eclipsed by 
the micrometer wire. 
Dr. Hal- (114.) Not being satisfied with these results. Dr. Halley,. 
tion ''****" an English astronomer, very happily conceived the idea of 
finding the sun's parallax by the comparisons of observa- 
tions made from different parts of the earth, on a transit of 
Venus over the sun's disc. If the plane of the orbit of Venus, 
coincided with the orbit of the earth, then Venus would come- 
between the earth and sun, at every inferior -conjunction, at 
intervals of 584.04 days. But the orbit of Vemts is inclined: 
to the orbit of the earth by an angle of 3° 23' 28" ; and, in 
the year 1800, the planet crossed the ecliptic from south to- 
north, in longitude 74° 64' 12", and from north to south, in 
longitude 264° 64' 12" : the first mentioned point is called 
The ttodM the ascending node ; the last, the descendi?^ node. The hodes- 
of Veniu. retrograde 31' 10" in a century. 

What timet (116.) The mean synodical revolution of 684 days corre- 

in tfa« year gpQ^^ ^^h no aliquot part of a year ; and therefore, in the 

take place, coursc of time, thesc conjunctions will happen at different 

points along the ecliptic. The sim is in that part of the ecliptic 

near the nodes of Venus, June 6th and December 6th or 7th; 

and the two last transits happened in 1761 and in 1769 ; and. 

from these periods we date our knowledge of the solar parallax. 

BeToin- ( 116.) The periodical revolution of the earth is 866.266383 

tioM com. ^3^yg^ j^n^ that of Venus is 224.700787; and as numbers they 

are nearly in proportion of 13 to 8. 

From this it follows, that eight revolutions of the earth 
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require nearly the same time as 13 reyolutions of Yenns; Chap.de 
and, of course, whenever a conjunction takes place, eight 
years afterward another conjunction will take place very near 
the same point in the ecliptic.'*' 

* The ratio of the times of these revolutions is directly Compar*. 

00 A. '7(\f\*7H7 ^'^^^ motion I 

compared, as terms of a fraction, thus, o^z-ttf^ootJ and it is «f'^«n»»»nd 

OuO.^OOool the earth. 

manifest that 365.256383 days, multiplied by the number 
224700787, will give the same product as 224700787 days 
multiplied by the number 365256383 ; that is, after an elapse 
of 224700787 years, the conjunction will take place at the 
same point in the heavens; and all intermediate conjunctions 
will be but approximations to the same point : and to obtain 
these approximate intervals, we reduce the above fraction to 
its approximatLDg fractions, by the principle of continued 

fractions. ( See Robinion's Arithmatio. ) 

The approximating fractions are 

1 1 2 3 8 235 
1' 2* 3' 5' 13' 382' 

To say nothing of the first two terms, these fractions show 
that two revolutions of the earth are near, in length of time, 
to three revolutions of Venus ; three revolutions of the earth 
a nearer value to five revolutions of Venus ; and eight revo- 
lutions of the earth a still nearer value to 13 revolutions of 
Venus ; and 235 revolutions of the earth a very near value 
to 382 revolutions of Venus. 

The period of eight years, under favorable circumstances, 
will bring a second transit at the same node; but if not in 
eight years, it will be 235 years, or 235-|-8=3f243 years. 

For a transit at the other node, we must take a period of 
235 — 8 years, divided by 2, or 113 years ; and sometimes 
the period will be eight years less than this, or 105 years. 
The first transit known to have been observed was in 1639, 
December 4th; to this add 235 years, and we have the time 
of the next transit, at the same node, 1874, December 8th ; 
apd eight years after that will be another, 1882, December 
6th. The first transit observed at the ascending node, was 

K 
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Chap. IX. If the proportion had been exactly as 13 to 8, then the 

Periodi of conjunctions would always take place exactly at the same 

eoiunncUons p^j^^ . -^^^^ ^ j^ ^^ ^]jq poiuts of coujuuction in the heayens 

time of tho are east and west of a given point, and approximate nearer 

y®"* and nearer to that point as the periods are greater and 

greater. 

Only two To bc more practical, however, the intervals between con- 

h»**"tt»t^r! J^^c*i'^^s *^® s^®^ combined with a dighi motion of the nodeSy 

twrait of 8 that the geocentric latitude of Yenus, at inferior conjunctions 

yean. j^ggj ^jjg ascendiug node, changes about 19' 30" to the north, 

in the period of about eight years. At the descending node, 

it changes about the same quantity to the southward, in the 

same period ; and as the disc of the sun is but little over 32', 

it is impossible that a third transit should happen 16 years 

after the first; hence only two transits can happen, at the 

same node, separated by the short interval of eight years. 

Periodi be- (117.) If at any transit we suppose Venus to pass directly 

tranjiu of ^^^^ ^'^ ccuter of the sun, as seen from the center of the 

Vonot. earth — that is, pass conjunction and node at the samcf time — 

at the end of another period of about eight years, Yenus 

would be 19' 30" north or south of the sun's center; but as 

the semidiameter of the sun is but about 16', no transit could 

happen in such a case ; and there would be but one transit 

at that node until after the expiration of a long period of 235 

or 243 years. 

After passing the period of eight years, we take a lapse of 
105 or 113 years, or thereabouts, to look for a transit at the 
' other node. 
Trantiu / jjg \ Kuowiuff the relative distances of Yenus, and the 

can be com. v / o » 

pnted. earth, from the sun — the positions and eccentricities of both 
Dr. HaUey orbits — also their angular motions and periodical revolutions — 
to^ftnd Uw ^'^^^ circumstance attending a transit, as seen from the 
ran*s parai- earth's Center, can be calculated ; and Dr. Halley, in 1677, 
'"• read a paper before the London Astronomical Society, in 

Text note in 176I, June 5th; eight years after, 1769, June 3d, there 
was another ; and the next that will occur, at that node, will 
be in 2004, June 7th, 235 years after 1769. 
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wUcli he explained the manner of deducing the parallax of Ciur. IX. 
the sun, from obseryations taken on a transit of Yenus or 
Mercury across the ^un's disc, compared with computations 
made for the earth's center, or by comparing obseryations 
made on the earth at great distances from each other. 

The transits of Venus are much better, for this purpose, why the 
than those of Mercury ; as Venus is larger, and nearer the ^^^ ^ 
earth, and its parallax at such times much greater than that better adapt- 
of Mercury; and so important did it appear, to the learned •<* **> «^^* 
world, to have correct observations on the last transit of ^^^^ th^n 
Venus, in 1769, at remote stations, that the British, French, thoieofMer. 
and Bussian governments were induced to send out expedi- ^*^' 
tions to various parts of the globe, to observe it. " The fa- 
mous expedition of Captain Cook, to Otaheite, was one of 
them." 

(119.) The mean result of all the observations made on Themnit 
that memorable occasion, gave the sun's parallax, on the day 
of the transit (3d of June), 8".5776. The horizontal paral-, 
l&x, at mean distance, may be taken at 8". 6 ; which places 
the sun, at its mean distance, no less than 23984 times the 
length of the earth's semidiameter, or about 95 millions of 
miles. 

This problem of the sun's horizontal parallax, as deduced The impor. 
from observations on a transit of Venus, we regard as the *"*^* ®^ **"" 
most important, for a student to understand, of any in astro- 
nomy; for without it, the dimensions of the solar system, and 
the magnitudes of the heavenly bodies, must be taken wholly 
on trust; and we have often protested against mere facts 
being taken for knowledge. 

( 120.) We shall now attempt to explain this whole matter A general 
on general principles, avoiding all the little minutiae which •*p^"»*»®» 
render the subject intricate and tedious ; for our only object 
is to g^ve a clear idea of the nature and philosophy of the 
problem. 

Let 8 (Fig. 26) represent the sun, and mn and F Q small 
portions of the orbits of Venus and the earth. 

As these two bodies move the same way, and nearly in the 
same plane, we may suppose the earth stationary, and Venus 
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CMAf. IX. Fig. 26. . to move with an angular velocity, 

eqnal to the difference of the two. 

When the planet arrives at v, an 
observer at A wonld see the planet 
projected on the snn, making a dent 
att/. 

But an observer at G would not 
see the same thing until after the 
planet had passed over the small are 
V q, with a velocity equal to the dii- 
erence between the angular motion 
of the two bodies; and as this will 
require quite an interval of absolute 
time, it can be detected ; and it mea- 
sures the angle A v' G; an angle 
under which a definite, portion of the 
earth appears as seen from the sun. 

(121.) To have a more definite 
idea of the practicability of this me- 
thod, let us suppose the parallactic 
angle, A v' G, equal to 10", and in- 
quire how long Venus would be in 
passing the rdative arc v q. 

Venus, at its mean rate, passes - 1^ 36' 8" in a day. 

The earth, " " 69' 8" « 

The relative, or excess motion of Venus for a mean solar 
day is then 37'. 

Now, as 37' is to 24h. so is 10" to a fourth term; or, as 
2220" : 1440m. :: 10" : 6 m. 29 s. 

Now if observation gave more than 6 minutes and 29 see- 
onds, we shall conclude that the parallactio angle was more 
than 10"; if less, less. But this is an abstract proposition. 
When treating of an actual case in place of the mean motion, 
we must take the actual angular motions of the earth and 
Venus at that time, and we must know the actual position of 
the observers A and G in respect to each other, and the po- 
sition of each in relation to a line joining the center of the 
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earth and the center of the sun ; and then by comparing the Chaf. n. 
local time of observation made at A, with the time at 0^ and 
referring both to one and the same meridian,we shall have the 
interval of time occupied bj the planet in passing from v to 
q, from which we deduce the parallactic angle A v' O, and 
from thence the horizontal parallax. 

The same observations can be made when the planet passes a oombiito- 
off the sun, and a great many stations can be compared with ^,1,,"^^"*^ 
A, as w^ll as the station O, In this way, the mean result of 
a great many stations was found in 1761, and in 1769, and 
the mean of all cannot materially differ from the truth. 

( 122.) There is another method of considering this whole Another m»- 
subject, which is in some respects more simple and preferable t^o^^^^^^"- 
to the one just explained. It is for the observiers at every uem. 
station to keep the track of the transit all the way across the 
Sim's disc, and take every precaution to measure the length 
of chord upon the disc, which can be done by carefully noting 
the times of external and internal contacts, and the begin- 
ning and end of the transit, and at short intervals carefully 
measuring the distance of the planet to the nearest edge of 
the sun by a micrometer. 

If the parallax is sensible, it is evident that two observers, Situation of 
situated in different hemispheres, will not obtain the same ^***'*"* ^^ 
chord. For example, an observer in the northern hemisphere, 
as in Sweden or Norway, will see Venus traversing a more 
southern chord than an observer in the southern hemisphere. 

Now if each observer gives us the length of the chord as ob- 
served by himself, and, knowing the angular diameter of the 
sun, we can compute the distance of each chord from the 
sun's center, and of course we then have the angular breadth 
of the zone on the sun's disc between them. But as this 
Bone is formed by straight lines passing through the same 
point, the center of Venus, its absolute breadth will depend on 
its distance from the point v; that is, the two triangles ^j?v 
and a & V ( Fig. 27) will be proportional, and we have 

Av : av i: A B : ah, ^^^ „,^ 

But the first three of these terms are known ; therefore the 
fourth, a h, is known also; and if any definite angular space 
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Chap. IX. 



Under what 
circiimstaa- 
ces this me- 
thod should 
not be used. 



Transits of 
Mercury not 
important. 



Revolutions 
of Mercury 
and the earth 
compared* 



Fig. 27. on tlie sun becomes known, the whole sem- 
idiameter becomes known, and from thence 
the horizontal parallax is immediately dedu- 
ced.* 

(123.) The accuracy of this method should be 
questioned when Yenus passes near the sun's 
center, for the two chords are never more than 
30" asunder, and hence they will not percepti- 
bly differ in length when passing near the sun's 
center, and Yenus will be upon the sun nearly 
the same length of time to all observers. 

( 124.) The apparent diameter of Mercury 
and Yenus can be very accurately measured 
when passing the sun's disc. In 1769 the di- 
ameter of Yenus was observed to be 59". 

(125.) The same general principles apply 
to the transits of Mercury and Yenus ; but those 
of Mercury are not important, on account of the 
smaller parallax and smaller size of that planet ; 
but owing to the more rapid revolution of Mer- 
cury, its transits occur more frequently. The 
frequent appearance of this planet on the face 
of the sun, gives to astronomers fine opportu-^ 
nities to determine the position of its node and 
the inclination of its orbit. 
In 1779, M. Delambre, from observations on the transit of 
May 7, placed the ascending node, as seen from the sun, in 
longitude 45° 57' 3". From the transit of the 8th of May, 
1845, as observed at Cincinnati, it must have been in lon^- 
tude 46^ 31' 10" ; this gives it a progressive motion of about 
1° 10' in a century. The inclination of the orbit is 7° 0' 13". 
The periodical time of revolution is 87.96925 days; that of 
the earth is 365.25638 days, and by making a fraction of 
these numbers, and reducing as in the last text note, we find 



* That is, as the real diameter of the snn, is to the real diameter of 
the earth, so is the sun's angular semldiameter to its horizontal par- 
allax. ( See 66). 
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that 6, 7, 13, 33, 46, 79, and 520 years, or revolutions of the cha», ix. 
earth nearly correspond to complete revolutions of Mercury. 
Hence we may look for a transit in 6, 7, 13, 33, 46, &c., 
years, or at the expiration of any combination of these years 
after any transit has been observed to take place ; and by 
examining the following table, the years will be found to fol- ^^"^'^^^ 
low each other by some combination of these numbers. .iu. 

The following is a list of all the transits of Mercury that 
have occurred, or will occur, between the years 1800 and 
1900 : 

At the ascending node. At the descending node. 

1799, - . - May 7. 

1832,. - . -May 5. 

1845, . - - May 8. 

1878, - - -May 6. 

1891, ... May 9. 



1802, - - 


- Nov. 


8. 


1822, - 


- -Nov. 


4. 


1835, - - 


- Nov. 


7. 


1848, - 


- -Nov. 


9. 


1861, - - 


- Nov. 


11. 


1868, - 


- -Nov. 


4. 


1881, - - 


- Nov. 


7. 


1894, - 


- - Nov. 


10. 



CHAPTER X. 

THE HORIZONTAL PARALLAXES OF THE PLANETS OOMPUTED, AND 
FROM THENCE THSIB REAL DIAMETERS AND MAGNITUDES. 

( 126.) Having found the real distance to the snn, and the chap. x. 
sun's horizontal parallax, we have now sufficient data to find juai mag. 
the real distance, diameter, and magnitude, of every planet n»*»^»" »* 
ifa the solar system. i^^^ ^ ^^ 

In Art. 60 we have explained, or rather defined, the hori. temined 
zontal parallax of any body to be the angle under which the 
semidiameter of the earth appears, as seen from that body ; 
and if the eartl;^ were as large as the body, the apparent diame-^ 
ter of the body, and its horizontal parallax, would have the 
same value. And, in general, the diameter of the earth is to 
the diameter of any other planetary body, as the horizontal 
parallax of that body is to its apparent semidiameter. 

The mean horizontal parallax of the sun, as determined in 
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Ohap. X. the last chapter, is 8".6; the semidiameter of the sun, at the 
Real dia. corresponding mean distance, is 16' 1", or 961". Now let d 
m«tar of the represent the real diameter of the earth, and D that of the 
mined. ^**" sun, then we shall have the following proportion: 
d : D :: 8".6 : 961".0. 
But d is 7912 miles; and the ratio of the last two. terms is 
111.66; therefore i?=(111.66)(7912)=883454 miles. 
Real dit- ( 127.) The sun's horizontal parallax is the angle at the 
tance be- |)a.se of a right angled triangle; and the side opposite to it is 
earth ud ran *^® Hidius of the earth (which, for the sake of conyenience, 
deurmined. we uow Call Unity). Let X represent the radius of the earth's 
orbit; then, by trigonometry, 

sin. 8'^.6 : 1 : : sin. 90° : x; 

Therefore, ir=?j^^:s=log. 10.00000— log. 6.620073.* 

That is, the log. of a?=4.379927, or ic=:23984 ; which is 
the distance between the earth and sun, when the semidia- 
meter of the earth is taken for the unit of measure; but, for 
general reference, and to aid the memory, we may say the 
distance is 24000 times the earth's semidiameter. 

(128.) Now let us change the unit from the semidiameter 
of the earth to an English mile ; and then the distance be- 
tween the earth and sun is 
Dutanoein (3956)(23984)=94880706 ; 

found ttiun« 

iMA. &ud, in round numbers, we say 95 millions of miles. 

By Kepler's third law, we know the relative distances of 

* Students generally wonld be unable to find the sine of 8".6y or tl^e 
sine of any other very small arc ; for the directions given in common 
works of trigonometry are too gross, and, indeed, inaccnrate, to meet 
the demands of astronomy. 

On the principle that the sines of small arcs vary as the arcs them- 
selves, we can find the sine of any small arc as follows : 

Sine of 1', taken from the tables, is - - - - 6. 4637526 
Divide by 60, that is, subtract the log. of 60, - - 1. 778151 

The sine*of 1", therefore, is 4. 685575 

Multiply by the number 8.6 ; that is, add log. - 0.934498 
The sine of 8".6, therefore, must be, - ... 5.620073 
In the same manner, find the sine of any other mmB ere. 
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all the planets from the sun ; and now, having found the real Chap. x. 
distance of the earth, we may have the distance in miles, by How to 
multiplying the distance of the earth by the ratio correspond- ^ *• ^"* 
ing to any other planet. Thus, for the distance of Venus, pianat from 
we multiply 94880706 by .72333; and the result is *• "^ »«^ 
68629960 miles, for the distance of Venus : and proceed, in 
the same manner, for the distance of any other planet. 

(129.) By observations taken on the transit of Venus, in TofiadUia 
1769, it was concluded that the horizontal parallax of that y^* *' ^ 
planet was 30".4 ; and its semidiameter, at the same time, 
was 29".2. Hence (Art. 127), 304 : 292 : : 7&12 : to a 
fourth term; which gives 7599 miles for the diameter of 
Venus. 

(130.) We cannot observe the horizontal parallax of Ju- ParaiiaK 
piter, Saturn, or any other very remote planet : if known at oannotbeob-* 
all, it becomes known by computation ; but^the parallax can 
be known, when the real distance is known ; and, by Kepler's 
third law, and the solar parallax, we do know all the planetary 
distances; and can, of course, compute any particular hori- 
zontal parallax. 

For the horizontal parallax of Jupiter, when at a distance 
from the earth equal to its mean distance from the sun, we 
proceed as follows : 

The parallax, or the semidiameter of the earth, when seen 
at the distance of the sun, is 8".6. When seen from a greater 
distance, the angle would he proporHondUt/ less. 

Put h equal to the horizontal parallax of Jupiter ; then we 

iave, - 5.202776 : 1 : : 8".6 : A; or h=~~. 

From this, we perceive, that if we divide the surCs horizontal How to 
parallax by the raiM of a planets distance from ike sun, the ««"p*** ^ 
quotient will he the horraanUd parcdlax of the planet, when a/ a the planet. 
distance from the earth egfud to its mean distance from the sun, 

(131.) To find the diameter of a planet, in relation to the How to 
diameter of the earth, we have a similar proportion as in Art. ^^ ^^ '•^ 
126 : and to find the diameter of Jupiter, we proceed as the pianete. 
follows : 

The greatest apparent diameter of Jupiter, as seen from 
9 
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CHAr. X. the earth, is 44''.5 ; the least is 80'M ; therefore the mean, 
as seen from the sun, cannot be far from 37".3, and the semi- 
diameter 18".65 ; La Place says it is 18".85; and this value 
we shall use. Now, as in Art. 126, let rf=7912, 2)=: the 

8" 6 
unknown diameter of Jupiter; , <}CS9^7({ ^ ^^ horizontal 

parallax, and 18"^5 its corresponding semidiameter ; then, as 
in Art. 126, - 7912. : 2) : : -^i^pj^ : 18.36; 
Therefore ,) ^7^1^X18.86x5.202776 ^7,12x1111 = 

o.D 

87900 miles. 

In the same manner, we may find the diameter of any 

other planet. 

jQpit0rB«c ^6 ^^^^ j^^ 8^1^ that the diameter of Jupiter is 11.11 

•piMrioai. times the diameter of the earth; but this is the equatorial 

diameter of the planet. Its polar diameter is less, in the 

proportion of 167 to 177, as determined by the mean of many- 

micrometrical measurements ; which proportion gives 82980 

miles, for the polar diameter of Jupiter. These extremes 

give the mean diameter of Jupiter, to the mean diameter of 

the earth, as 10.8 to 1. 

How to find (132.) But the magnitudes of similar bodies are to one 

tiM magni- i^qq^)^^]. ^ f^^^ cubos of their like dimensions ; therefore the 

tnd* of tlM 

piaBott. magnitude of Jupiter is to that of the earth, as (10.8)3 to 
1, and from thence we leaxn that Jupiter is 1260 times 
greater than the earth. 

In the same manner we may find the magnitude of any 
other planet, and it is thus that their magnitudes have often 
been determined, and the results may be seen in a concise 
form in Table TV, which gives a summary view of the solar 
system. 

The masses and attractions of the different planets will be 
investigated in physical astronomy, after we become acquain- 
ted with the theory of universal gravity. 



Digitized by VjOOQIC 



SOLAR SYSTEM. y^^ 

CHAPTER XI. 

A dsNIRAL DieSGBIPTION OW THE PLANETS. 

( 133.) Wb conclude this section of astronomy by a brief Chap, xl 
description of the solar system, wbich we have purposely 
delayed lest we might interrupt the course of reasoning 
respecting the planetary motions. The reader is referred to 
Table lY, for a concise and comparative view of all the facts 
that can be numerically expressed ; and aside from these facts, 
little can be said by way of explanation or description. 

The fact, that the sun of a planet revolves on an axis, Fa«ta nyeai. 
must be determined by observing the motion of spots on the ^ J^ *'**** 
visible disc ; and if no spots are visible, the fact of revolution pi«iet>. 
cannot be ascertained.* But when spots are visible, their 
motion and apparent paths will not only point out the time 
of revolution, but the position of the axis. 

THE SUN. 

( 134.) The son is the central body in the system, of im« tu loa the 
mense magnitude, comparatively stationary, the dispenser of '•p^^^^^'J of 
light .and heat, and apparently the repository of that force 
which governs the motion of all other bodies in the system. 

" Spots on the san Mem first to have heen obsonred in the year 1611, 
sinea which time they have constantly attracted attention, and have 
been the subject of iavestigatioB among astronomers. These spots 
change their appearance as the sun revolves on its axis, and become 
greater or less, to an observer on the earth, as they are turned to, or 
from him ; they also change in respect to real magnitude and nnmber; 
one spot, seen by Dr. Herschel, was estimated to be more than six 
times the size of our earth, being 50000 miles in diameter. Some- 
times forty or fifty spots may be seen at the same time, and sometimes 
only one. They are ofteii so large as to be seen with the naked eye ; 
this was the case in 1816. 

'< In two instances, these spots have been seen to barst into several 
parts, and the parts to fly in several directions, like a piece of Ice 
thrown upon the gronnd. 

* Mercnry is an exception to this principle. 
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Chap. XI. " In respect to the nature and design of these spots, almost eyery 
astronomer has formed a different theory. Some have supposed them 
to be Bohd opaque masses of scorie, floating in the liquid fire of the' 
sun ; others as satellites, revolving round him, and hiding his light 
from us ; others as immense masses, which have fallen on his disc, and 
which are dark colored, because they have not yet become sufficiently 
heated. 

" Dr. Herschel, from many observations with his great telescope, 
concludes, that the shining matter of the sun consists of a mass of 
phosphoric clouds, and that the spots on his surface are owing to dis- 
turbances in the equilibrium of this luminous matter, by which open- 
ings are made through it There are, however, objections to this 
theory, as indeed there are to all the others, and at present it can only be 
said, that no satisfactory explanation of the cause of these spots has 
been given." 

singoiar ( 135.) Mercuvy, This planet is the nearest to the snn, 
meaatofdis- ^^^ ^^^ "heQn the subject of considerable remark in the pre- 

covenng ro- •' ^. 

tation. ceding pages. It is rarely visible, owing to its small size and 
proximity to the sun, and it never appears larger to the na- 
ked eye than a star of the fibPth magnitude.. 

Mercury is too near the sun to admit of any observations 

on th^ spots on its surface ; but its period of rotation has 

been determined by the variations in its horns — the same 

ragged corner comes round at regular intervals of time — 

24h. 5m. 

Times when The best time to see Mercury, in the evening^ is in the 

Meromymay spring of the year, when the planet is at its greatest elonga- 

be leen. ^.^^ ^^ ^£ ^^ ^^^^ j^ ^j ^^^ ^^ visiblc to the naked 

eye about fifteen minutes, and will set about an hour and 
fifty minutes after the sun. When the planet is west of the 
sun, and at its greatest distance, it may be seen in the morn- 
ing, most advantageously in August and September. The 
symbol for the greatest elongation- of Mercury, as written in 
the common almanacs, is y Gr. Elon. 
High mona- (136.) Verms. This planet is second in order from the sun, 
tains on Ve- ^^^ j^ relation to its position and motion, has been sufficiently 
described. The period of its rotation on its axis is 23h. 21m. 
The position of the axis is always the same, and is not at 
right angles to the plane of its orbit, which gives it a change of 
seasons. The tangent position of the sun's light across this 
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planet shows a very rough sur- 
face; indeed, high mountains. 
By the radiating and glimmer- 
ing nature of the light of this I 
planet, we infer that it must 
have a deep and dense atmos- 
phere. 

( 137.) The Earth is the next planet in the system; but it tIm euth 
would be only formality to give any description of it in this * p^"«^ 
place. As a planet, it seems to jbe highly favored above its 
neighboring planets, by being furnished with an attendant, The eaith*t 
the moon; and insignificant as this latter body is, compared ****'* "^ 
to the whole solar system, It is the most important and in- 
teresting to the inhabitants of our earth. The two bodies, 
the earth and the rrwon, as seen from the sun, are very small : 
the former subtending an angle of about 17" in diameter, 
the latter about 4", and their distance asunder never greater 
than between seven and eight minutes of a degree. 

Contrary to the general impression, the moon's motion in 
absolute space is always concave toward the sun.* 

(138.) Mara — the first superior planet — ^is of a red color, Maw; b» 
and very variable in its apparent magnitude. About every peCancej&T 



* This may be shown thus — the moon is inside the earth's 
orbit from the last quarter to the first quarter, on an average 
14 days and 18 hours. During this time the earth moves in 

its orbit 14° 30'. Let. ^^-^S. The moons 

T- n t . • i. . 1 ^— • — ^ motion con- 

Z w i^ be a portion of the ^ ^^•-^^^^^^::^:v^ *'*^* *®''"^ 

earth's orbit equal to 14° 30', ^ " ^^^ ^ ^^^ F tho sun. 

L the position of the earth at the First Quarter of the moon, 
and F its position at the Last Qmrter, Draw the chord L F, 
and compute m n the versed sine of the arc 7° 15'. 

The mean radius of the earth's orbit is 397 times the ra- 
dius of the lunar orbit. A radius of 397 and an angle 7° 15' 
gives a versed sine of 3.49; but on this scale the distance 
from the earth to the moon is unity, or less than one third of 
n m; hence, the moon's path must be l)etween the chord L F 
and the arc L n F — that is, cHwo^b comcme toward 4he sun. 

L 
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Chap. XI . other year, when it oomes to the meridian near midnight, it 
is then most conspicaons ; and the next year it is scarcely 
noticed by the common observer. 

. " The physical appearance of 

opic lew Mars is somewhat remarkable. His 

polar regions, when seen through 
a telescope, have a brilliancy so 
much greater than the rest of his 
I disc, that there can be little doubt 
that, as with the earth so with 
this planet, accumulations of ice 
or snow take place during the win- 
I ters of those regions. In 1781 
the south polar spot was extremely 
bright ; for a year it had not been 
exposed to the solar rays. The 
' color of the planet most probably 
arises from a dense atmosphere which surrounds him, of the existence of 
which there is other proof depending on the appearance of stars as 
they approach him ; they grow dim and are sometimes wholly extin- 
guished as their rays pass through that medium," 

Appanntim. ( -^^^0 ^^® °®^* planet, as known to ancient astronomers* 
perfection in is Jupitcr; but its distance is so great beyond the orbit of 
the lyitem, ]^g^j.g^ ^^^^ ^^^ ^^^^ spaco between the two had often been 
considered as an imperfection, and it was a general impression 
among astronomers that a planet oti^ht to occupy that vacant 
space. 
Bode»s uw. Professor Bode, of Berlin, on comparing the relative dis- 
tances of the planets from the sun, discovered the following re- 
markable fact — that if we tal^e the following series of numbers : 

0, 3, 6, 12, 24, 48, 96, 192, &c., 
and then add the number 4 to each, and we have, 
4, 7, 10, 16, 28, 52, 100, 196, &c.,* 
The reason and this last serics of numbers very nearly, ihofogh not ex- 
Tot^be cidied ^^^^ Corresponds to the relative distances of the planets from 
a taw. the sun, with the exception of the number 28. This is 
sometimes called Bode's law ; but remarkable as it certainly 
is, it should not be dignified by the term law, tmtil some bet- 
ter account of it can be given than its mere existence ; for, 
at present, all that can be said of it is, ** here is an astonishing 
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coincidenco/' But, mere accident as it may be, it suggested chap. xl 
the possibility of some small, undiscovered planet revolving a bold hj. 
in tbis region, and we can easily imagine tbe astonisbment of pothaiii. 
astronomers, on finding four in place of one, revolving in 
orbits tolerably well corresponding to tbis law, or ratber co- 
incidence. Had tbey even found but on«, it would seem to 
indicate sometbing more than mere coincidence ; but finding 
fawTy proves the series to be simply accidental — utiUit the 
four or more planets there • discovered were originally &m 
planet; 'and then came the inquiry, is not tbis tbe case? Thus 
originated tbe idea that these new and newly discovered small 
planets are but fragments of a larger one, which formerly cir- 
culated in that interval, and was blown to pieces by some 
internal explosion — and we ehaU examne this hypothesis in a 
text notCf under physical astronomy. 

The names of these planets, in the order of tbe times of their 
discovery, are, CereSy Pallas, Juno, Vesta. The order of their 
dbtances from tbe sun, is Vesta, Juno, Ceres, FaUas. 



I Planets. 

I 

I 

I Ceres . . . 

Pallas... 
I Juno . . . 

Vesta... 



Names of Dii- 
coverers. 



M. Piazai, 
Dr. Olbers, 
xM. Hardingr, 
Dr. Olbers, 



Residence of Discoveren. 



Palermo, Sicily, 
Bremen, Germany, 
Liltenthal, near Bremen, 
Bremen, 



Date of Discovery. 



1st Jan., 1801. 
28th Mar., 1802. 

1st Sept. 1804. 
29th Mar., 1807. 



If a planet has really burst, it is but reasonable to suppose 
that it separated into many fragments ; and, agreeably to tbis 
view of tbe subject, astronomers have been constantly on tbe 
alert for new planets, in tbe same regions of space ; and every Hec^ct 
discovery of tbd kind greatly increases the probability of tbe diicoTenes 
theory. The following very recent discoveries are said to have JiJ^*^[^"*th!^ 
been made, but tbe elements of tbe orbits are not regarded as iis. 
sufficiently accurate to demand a place in tbe table. 

On the 8tb of December, 1845, Mr. Hencke, of Dreiscn, 
claims to have discovered a planet whicb be calls Astrea; 
and tbe same observer also claims another, discovered in KawpitB- 
1847, called Bebe. His success induced others to a like exa- •*■ ditcow* 

•d IB 1845 

mination, and a Mr. Hind, of London, within tbe past year, „^ jj^^ 
10 
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QmhT. XL 1848, olaimB a seventh and eighth asteroid, named Iris and 
Fiord. 

Thus we have eight miniatore worlds, supposed to have 
once composed a planet ; and if the four last named are veri- 
table discoveries, we shall soon have the elements of their 
orbits in an unquestionable shape. 

The elements of tho orbits of the four known asteroids, as 
given for the epoch 1820, are not as accurate as the follow- 
ing, which were deduced from the Nautical Almanac for 1846 
and 1847; which have been corrected from more modern, 
extended, and accurate observations. (Epoch Jan., 1847.) 

On account of the small magnitude of these new planets^ 
and their recent discovery, nothing is known of them save 
the following tabular facts, and these are only approximation 
to the truth. 



Planets. 


Sideraal 
Revolntioai. 


Mean Distance from 
the San. 


Eccentricity of 
Orbits. 


Vesta 

Juno 

Geres 

Pallas 


Days. 
1324. 289 
1594. 721 
1683. 064 
1685. 162 


2. 36120 
2. 66514 
2. 76910 
2, 77125 


0. 0S913 
0. 25385 

0. 07844 
0. 24050 


Pl&nets. 


Longitude of 
Ascending Node. 


Inclination of 
OrbiU. 


Longitude of 
Perihelion. 


Vesta 

Jano 

Geres 

Pallas 


O ' " 
103 20 47 
170 53 

80 47 56 
172 42 38 


O ' " 
7 8 29 

13 2 53 
10 37 17 
34 37 42 


O ' " 

251 4 34 

54 18 32 

147 25 41 

121 20 13 



Objsot of 
Fli.89. 



( 140.) With the two elements, the longitude of the ascend- 
ing nodes, and the inclination of the orbits to the ecliptic, we 
are enabled to give k general projection of these orbits around 
the celestial sphere, in relation to the ecliptic, as represented 
on page 37 ; and our object is to show that there are two 
points in the heavens, nearly opposite to each other, near to 
which all these planets pass. One of these points is about 
the longitude of 186 degrees, and the latitude of 16 degrees 
north ; and the other is the opposite point on the celestial 
sphere. If these planets are but fragments of one original 
planet, which burst or exploded by its internal fires, from that 
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moment they mast have 
started from the same 
point, and the orbits of all 
have one common distance 
from the sun; and for 
ages after such a catas- 
trophe, these fragments 
must have had nearly a 
common node; and the 
fact that they do not, at 
present, pass through a 
common point, nor have 
a common node, does not 
prove that they were not 
originally in one body; 
for, owing to mutual dis- 
turbances, and the dis- 
turbances of other pla- 
nets, the nodes must 
change positions; and the 
longer axis of the orbits, 
especially the very ec- 
centric ones, must change 
positions ; and now (after 
we know not how many 
ages), it is not incon- 
sistent with the theory 
of an explosion, that wc 
find the orbits as they 
are. 

The hypothesis that 
these planets were ori- 
ginally one, and must, 
therefore, have two com- 
mon points in the hea- 
vens near which they 
must all pass, led to the 
discovery of Juno and 




Chap. XI. 

VfYkvn tte 
driginal pU* 
net miut 
have ezplod* 
»d, ff if th« 
hypothesis 
of an original 
planet is true 



Fig. 29. 
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Chap. xc. Vesta, by carefully observing these two portions of the 
heavens. 

The apparent diameters of these planets are too small to 
be accurately measured; and therefore we have only a very 
• rough or conjectural knowledge of their real diameters. 

All of these planets are invisible to the naked eye, except 
Vesta, which sometimes can be seen as a star of the 5th or 
6th magnitude. 

(141.) JupUer. We now come to the most magnificent 
planet in the system — the well-known Jupiter — which is 
nearly 1300 times the magnitude of the earth. 
Jupitort The disc of Jupiter is always observed to be crossed, in an 
eastern and western direction, by dark bands, as represented 
in Fig. 30, 

Fig. 30. — Telescopic View of Jupiter. 



Iwlti. 




. « These belts are, however, by no means alike at all times ; they 
vary in breadth and in situation on the disc (though never in their 
general direction). They have even been seen broken up, and distri- 
buted over the whole face of the planet : but this phenomenon is ex- 
tremely rare. Branches running out from them, and subdivisions, as 
represented in the figure, as well as evident dark spots, like strings of 
clouds, are by no means uncommon ; and from these, attentively 
watched, it is concluded that this planet revolves in the surprisingly 
Dinmalre. ghort period of 9 h. 55 m. 50s. (sid. time), on an axis perpendicular to 
the direction of the belts. Now, it is very remarkable, and forms a 
most satisfactory comment on the reasoning by which the spheroidal 
figure of the earth has been deduced from its diurnal rotation, that the 
outline of Jupiter's disc is evidently not circular, but elliptic, being 
coBsiderably flattened in the direction of its axis of rotation. 
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** The parallelism of the belts to the equator of Jupiter, their occa- chaf. XL 
sional variations, and the appearances of spots seen upon them, render 



it extremely probable that they subsist in the atmosphere of the planet, ^^ jnpit^f. 
forming tracts of comparatively clear sky, determined by currents ana- 
logous to our tradewinds, bat of a much more steady and decided cha- 
racter, as might indeed be expected from the immense velocity .of its 
rotation. That it is the comparatively darker body of the planet which 
appears in the belts, Is evident from this, — that they do not come up 
in all their strength to the edge of the disc, but fade away gradually be- 
fore they reach it. 

(142.) " When Jupiter is viewed with a telescope, even of moderate Jvpit«i^ 
power, it is seen accompanied by four small stars, nearly in a straight •*t«Ilit«s. 
line parallel to the ecliptic. These always accompany the planet, and 
are called its SateUUes, They are continually changing their position! 
with respect to one another, and to the planet, being sometimes all to 
the right, and sometimes all to the left ; but more frequently some on 
each side. The greatest distances to which they recede from the planet, 
on each side, are different for the different satellites, and they are thus 
distinguished : that being called the First satellite, which recedes to the 
least distance ; that the Second, which recedes to the next greater dis- 
tance, and so on. The satellites of Jupiter were discovered by Galileo, 
in 1610. 

" Sometimes a satellite is observed to pass between the sun and Ju- 
piter, and to cast a shadow which describes a chord across the disc. 
This produces an eclipse of the sun, to Jupiter, analogous to those 
which the moon produces on the earth. It follows that Jupiter and 
its satellites are opake bodies, which shine by reflecting the sun's 
light. 

" Careful and repeated observations show that the motions of the satel- 
lites are from west to east, in orbits nearly circular, and making small 
angles with the plane of Jupiter's orbit. Observations on the eclipsei 
of the satellites make known their synodic revolutions, from which 
their sidereal revolutions are easily deduced. From measurements of 
the greatest apparent distances of the satellites from the planet, their 
real distances are determined. 

'* A comparison of the mean distances of the satellites, with their side- 
real revolutions, proves that Kepler's third law, with respect to the 
planeUi, applies also if the satellites of Jupiter. The squares of their 
sidereal revolutions are as the cubes of their mean distances from the 
planet. 

** The planets Saturn and Uranus are also attended by satellites, and 
the same law has place with them." 

( 143.) By the eclipses of Jupiter's satellites, the progres- J^^T*^ 
mve nature of light was discovered ; which we illustrate in Ugbt. 
the following manner : 
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Let 8* (I'ig. 31) represent the sun, J Jupiter, JS earth, and mjupiter'f 
first satellite. By careful and accurate observations astronomers have 
decided that the mean revolution of this satellite round its primary, Is 
performed in 42 h. 28 m. and 35 s. ; that is, the mean time from one 
eclipse to another. 
Veloottjof But when the earth is at E, and moving in a direction toward, or 
Ufht, how nearly toward, the planet as represented in the figure, the mean time 
d«uimiii«d. ijetween two consecutive eclipses is shortened about 15 seconds; and 
we can explain this on no other hypothesis than that the e«rth has ad- 
vanced and met the successive progression of light When the earth 
is in position as respects the sun and Jupiter, as represented in our 
figure at K't and moving from Jupiter, then the interval between two 
consecutive eclipses of Jupiter's first satellite is prolonged or increased 
about 15 seconds. 

But during the interval of one revolution of Jupiter's first satellite, 
the earth moves in its orbit about 2880000 miles ; this, divided by 15, 
gives 192000 miles for the motion of light in one second of time ; and 
this velocity will carry light from the sun to the earth in about eight 
and one-fourth minutes. 
I 
Longitude ( 144. ) As an eclipso of one of Jupiter's satellites maybe 
iraad by the gggjj ^Qm ^11 places where the planet is there visible, two 
Jvpftei^s n- observers viewing it will have a signal for the same moment, 
uUitoi. at their respective places ; and their difference in local time 
will give their difference in longitude. For example, if one 
observer saw one of these eclipses at 10 h. in the evening, and 
another at 8 h. 30 m., the difference of IciLgitude between the 
observers would be 1 h. 30 m. in time, or 22° 30' of arc. 

The absolute time that the eclipse takes place, is the same 
to all observers; and he who has the latest local time is the 
most eastward. 

These eclipses cannot be observed at se% by reason of the 
motion of the vessel. 
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( 145.) Saturn, The next planet in order of remoteness Chaf. xl 

from the sun, is Saturn, the most wonderful object in the Sttun — 

solar system. Though less than Jupiter, it is about 79000 '*'^' 
miles in diameter, and 1000 times greater than our earth. 

" This stupendous globe, besides being attended by no less than seven 
satellites, or moons, is surrounded with two broad, flat, extremely thin 
rings, concentric with the planet and With each other ; both lying iu 
one plane, and separated by a very narrow interval from each other 
throughout their whole circumference, as they are from the planet by 
a much wider. The dimensions of this extraordinary appendage are 
as follows : 

Exterior diameter of exterior ring, c= 176418. 

Interior ditto, = 155272. 

Exterior diameter of interior ring, = 151690. 

Interior ditto, = 117339. 

Equatorial diameter of the body, s= 79160. 

Interval between the planet and interior ring, = 19090. 

Interval of the rings =: 1791. 

Thickness of the rings not exceeding, = 100. DioMntiois 

Fig. 32. — Telescopic View of Saturn. *^ **** '*^'' 




" The figure represents Saturn surrounded by its rings, and having its Tli« ria|t 
body striped with dark belts, somewhat similar, but broader and less * 
strongly marked than those of Jupiter, and owing, doubtless, to a simi- 
lar cause. That the ring is a solid opake substance, is shown by its 
throwing its shadow on the body of tho planet, on the side nearest the 
sun, and on the other side receiving that of the body, as shown in the 
figure. From the parallelism of the belts with the plane of the ring, 
it may be conjectured that the axis of rotation of the planet is perpen- 
dicular to that plane ; and this conjecture is confirmed by the occa- 
sional appearance of extensive dusky spots on its surface, which when 
watched, like the spots on Mars or Jupiter, indicate a rotation in 10 h. 
29 m. 17 s. about an axis so situated. 

'* It will naturally be asked how so stupendous an arch, if composed 
of solid and ponderous materials, can be sustained without collapsing 
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Chap. XL. and falliug in upon the planet ? The answer to tliis is to be foand in 
,Jjj^~^j^.^ a swift rotation of the ring in its own plane, which observation has 
lity of the detected, owing to some portions of the ring being a little less bright 
riagfl. than others, and assigned its period at 10 h. 29 m. 17 s., which, from 

what we know of its dimensions, and of the force of gravity in the 
Saturnian system, is very nearly the periodic time of a satellite revolv- 
ing at the same distance as the middle of its breadth. It is the centri- 
fugal force, then, arising from this rotation, which sustains it ; and, 
although no observation nice enough to exhibit a difference of periods 
between the outer and inner rings have hitherto been made, it is more 
than probable that such a difference does subsist as to place each inde- . 
pendently of the other in a similar state of equilibrium. 
Th« ring! " Although the rings are, as we have said, very nearly concentrie 
ravoWe a- ^^ith the body of Saturn, yet recent micrometrioal measurements, of 
round til* extreme delicacy, have demonstrated that the coincidence is not mathe* 
atoU't * matically exact, but that the center of gravity of the rings oscillates 
round that of the body, describing a very minule orbit, probably under 
laws of much complexity. Trifling as this remark may appear, it is 
of the utmost importance to the stability of the system of the rings. 
Supposing them mathematically perfect in their circular form, and 
exactly concentric with the planet, it is demonstrable that they would 
form (in spite of their centrifugal force ) a system in a state of unstable 
equilibrium, which the slightest external power would subvert — not by 
causing a rupture in the substance of the rings — but by precipitating 
them, unbroken, on the surface of the planet. For the attraction of 
such a ring or rings on a point or sphere eccentrically situate within 
them, is not the same in all directions, but tends to draw the point or 
sphere toward the nearest part of the ring, or away from the center. 
Hence, supposing the body to become, from any cause, ever so little 
eccentric to the ring, the tendency of their mutual gravity is, not to 
correct, but to increase this eccentricity, and to bring the nearest parts 
of them together." 

Oraniuaiiu ( 1^^) Uromis. The next planet, beyond Satum, was 
Henehei. discovered by Sir W. F. Herscbel, in 1781, and, for a time, 
was called Herschel, in honor'^'of its discoverer; bat, accord- 
ing to custom, the name of a heathen deity has been substi- 
tuted, and the planet is now called Uranus — th& father qf 
Saturn, 
Thii lanet "^^^ planet is rarely to be seen, without a telescope. In a 
nraij viiibie clear night, and in the absence of the moon, when in a favor- 
to the naked ^^ position abovc the horizon, it may be seen as a star of 
about the 6th magnitude. Its real diameter is about 35000 
miles, and about 80 times the magnitude of the earth. 
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The existence of this planet was suggested by some Crap. XL 
of the perturbations of Saturn ; which could not be accounted 
for by the action of the then known planets ; but it does not 
appear that any computations were made, as a guide to the 
place where the unknown disturbing body ought to exist ; and, 
as far as we know, the discovery by Herschel was mere 
accident. 

But not so with the planet Neptune, discovered in the Fact* led 
latter part of September, 1846, by a French astronomer, Le- ^ **>• ^»«««- 
verrier ; and also a Mr. Adams, of Cambridge, England, who has ^^.^ 
put in his claim as the discoverer. The truth is, that the 
attention of the astronomers of Europe had been called to 
some extraordinary perturbations of Uranus ; which could not 
be accounted for without supposing an attracting body to be 
situated in space, beyond the orbit of Uranus ; and so distinct 
and clear were these irregularities, that both geometers, Le- 
verrier and Adams, fixed on the same region of the heavens, 
for the then position of their hypothetical planet ; and by dili- 
gent search, the planet was actually discovered about the 
same time, in both France and England. 

At present, we can know very little of this planet; and 
according to the best authority I can gather, its longi- 
tude, January 1, 1847, was 327^ 24'. Mean distance from 
the sun, 30.2 ( the earth's distance being unity) ; period of 
revolution 166 years. Eccentricity of orbit 0.0084 ; mass, 

1 
23000"* . 

According to Bode's law, the distance of the next planet 
from the sun, beyond Uranus, must be 38.8 ; and if Neptune 
really is at 30.2, it shows Bode's law to be only a remarkable 
coincidence ; for there can be no exceptions to positive physi- 
cal laws. 

" Wq shali close this chapter with an illustration calculated to convey ^^^ «^ 
to the minds of our readers a general impression of the relative magni- obttin a eof^ 
tudes and distances of the parts of our system. Choose any well- net ooncep- 
leveled field or bowling green. On it place a globe, two feet in diame- tion of th« 
ter ; this will represent the sun ; Mercury will be represented by a grain solar system 
of mustard seed, on the circumference of a circle 164 feet in diameter, 
for its orbit ; Venus a pea, on a circle 284 feet in diameter ; the earth 
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Cbap. XI. alto a pea, on a circle of 430 feet ; Mars a rather large pin's head, on a 

circle of 654 feet ; Juno, Ceres, Vesta, and Pallas, grains of sand, in 

orbits of from 1000 to 1200 feet ; Jupiter a moderate-sized orange, in a 
circle nearly half a mile across ; Saturn a small orange, on a circle of 
fou'r-fiftbs of a mile ; and Uranus a full-sized cherry, or small plum, 
upon the circumference of a circle more than a mile and a half in dia- 
meter. As to getting correct notions on this subject by drawing circles 
on paper, or, still worse, from those very .childish toys called orreries, 
it is out of the question. To imitate the motions of the planets in the 
View of abo7e-mentioned orbits. Mercury must describe its own diameter in 41 
£1m planetary seconds ; Venus, in 4 m. 14 s. ; the earth, in 7 minutes ; Mars, in 4 m. 
motions. 48g. . Jupiter, in2h. 56m. ; Saturn, in3h. 13m. ; and Uranus, in 2h. 
16 m.'* — Her$chd*s ABironomy, 



CHAPTEK XII. 

ON COMETS. 



Cbah xn. (147.) Besides the planets, and their satellites, there are 
Comet* great numbers of other bodies, which gradually come into 

formerly in- view, increasing in brightness and velocity, until they attain 

lor, a maximum, and then as gradually diminish, pass off, and are 

lost in the distance. 
Knowledge " These bodiee are comeU. From their singular and unusual appear- 

baniflhei' ance, they were for a long time objects of terror to mankind, and were 

^^^* regarded as harbingers of some great calamity. 

<*The luminous train which accompanied them was particularly 
alarming, and the more so in proportion to its length. It is but little 
more than half a century since these superstitious fears were dissipated 
by a sound philosophy ; and comets, being now better understood, 
excite only the curiosity of astronomers and of mankind in general. 
These discoveries which give fortitude to the human mind are not 
among the least useful. 

** It was formerly doubted whether comets belonged to the class of 
heavenly bodies, or were only meteors engendered fortuitously in the 
air by the inflammation of certain vapors. Before the invention of the 
telescope, there were no means of observing the progressive increaso 
and diminution of their light They were seen but for a short time, 
and their appearance and disappearance took place suddenly. Their 
light and vapory tails, through which the stars were visible, and their 
whiteness often intense, seemed to give them a strong resemblance to 
those transient fires, which we call shooting stars. Apparently, they 
differed f^om these only in dnration. They might be only composed 
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of a more compact substance capable of retarding for a longer time Chap. XII. 
their dissolution. But these opinions are no longer maintained ; more " 

accurate observations have led to a different theory. 

« All the comets hitherto observed have a small parallax,* which places Panllaz of 
them far beyond the orbit of the moon ; they are not, therefore, formed oomeu. 
• in our atmosphere. Moreover, their apparent motion among the stars 
is subject to regular law^, which enable us to predict their whole course 
from a small number of observations. This regularity and constancy 
evidently indicate durable bodies ; and it is natural to coilctude that 
comets are as permanent as the planets, but subject to a different kind 
of movement. 

« W hen we observe these bodies with a telescope, they resemble a mass Comet* an 
of vapor, at the center of which is commonly seen a nucleus more or »PP»r«ntly 
less distinctly terminated. Some, however, have appeared to consist ""* ""■•■ 
of merely a light vapor, without a sensible nucleus, since the stars are 
visible through it. During their revolution, they experience progres- 
sive variations in their brightness, which appear to depend upon their 
distance from the sun, either because the sun inflames them by its heat, 
or simply on account of a stronger illumination. When their bright- 
ness is greatest, we may conclude from this very circumstance that 
they are near their perihelion. Their light is at first very feeble, but 
becomes gradually more vivid, until it sometimes surpasses that of the 
brightest planets ; after which it declines by the same degrees until it 
liecomes imperceptible. We are hence led to the conclusion that 
comets, coming from the remote regions of the heavens, approach, in 
many instances, much nearer the sun than the planets, and then recede 
to much greater distances. 

" Since comets are bodies which seem to belong to our planetary Orbits of 
system, it is natural to suppose that they move about the sun like ^ 
planets, but in orbits extremely elongated. These orbits must, there- 
fore, still be ellipses, having their foci at the center of the sun, but 
having their major axes almost infinite, especially with respect to us, 
who observe only a small portion of the orbit, namely, that in which 
the comet becomes visible as it approaches the sun. Accordingly the 
orbits of comets must take the form of a parabola, for we thus designate 
the curve into which the ellipse passes, when indefinitely elongated. 

" If we introduce this modification into the laws of Kepler, which 

• The parallaxes of comets are known to be small, by two observers, 
at distant stations on the earth, comparing their observations taken 
« on the same comet at near the same time. At the times the observa- 
tions are made, neither observer can know how great the parallax is. 
It is only afterward, when comparisons are made, that judgment, in 
this particular, can be formed ; and it is not common that any more 
definite conclusion can be drawn, than ihat the parallax is email, and, 
of coursQ, the body distant 

10 M 
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Chap. XII. relato to the elliptical motion, we obtain those of the parabolic motion 

" of comets. 
Comttf d«s- " Hence it follows that the areas described by the same comet, in its 
erib* mjoal parabolic orbit, are proportional to the times. The areas described by 
anas ia •- different comets in the same time, are proportional to the square roots 
qval tim«i. ^f jjigi, perihelion distances. 

** Lastly, if we suppose a planet moving in a circular orbit, whose 
radius is equal to the perihelion distance of a comet, the areas described 
by these two bodies in the same time, will be to each other as 1 to 
J2. Thus are the motions of comets and planets connected. 

** By means of these laws we can determine the area described by 
a comet in a given time after passing the perihelion, and fix its posi- 
tion in the parabola. It only remains .then to bring this theory to the 
test of observation. Now we have a rigorous method of verifying it, 
by causing a parabola to pass through several observed places of a 
comet, and then ascertaining whether all the others are contained in it 
Thr*« obier- " For this purpose three observations are requisite. If we observe 
▼ations saffi- the right ascension and declination of a comet at three different 
ci«nt to find times, and thence deduce its geocentric longitude and latitude, we 
th« orbit of a ^j^j j^j^^^ the direction of three visual rays drawn at these times from 
*^^^ the earth to the comet, and in the prolongation of which it must 

necessarily be found. The corresponding places of the sun are ako 
known ; it remains then to construct a parabola, having its focus at 
the center of the sun, and cutting the visual rays in points, the inter- 
vals of which correspond to the number of days between the obser- 
vations. 

Fif . 33. «< Or if we suppose the earth in mo- 

tion and the sun at rest, let T, T, T\ 
represent three successive positions of 
the earth, and TC, TC, T"C\ three 
visual rays drawn to the comet. The 
question is to find a parabola CC'C'*^ 
having its focus in fi^ at the center of 
the sun, and cutting the three visual 
rays conformably to the conditions re- 
quired. 

Tboofbltof » " These conditions are more than sufficient to determine completely 
com«t found ^^ elements of the parabolic motion, that is, the perihelion distance 
bj three ob- of the comet, the position of the perihelion, the instant of passing this 
Mrvations. point, the inclination of the orbit to the ecliptic, and the position of 
its nodes. These five elements being known, we can assign the posi- 
tion of the comet for any time whatever, and compare it with the 
results of observation. But the calculation of the elements is very 
difficult, and can be performed only by a very delicate analysis, which 
cannot here be made known* 
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"Aboat ISO comets have boon calculated upon the theory of the Craf. XU. 
pArabolic motion, and the obaeired places are found to answer to such 
a supposition. We can have no doubt, therefore, that this is conform- j^ » 4* 
able to the law of nature. We have thus obtained precise knowled^ ^f ^^^^ ^r- 
of the motions of these bodies, and are enabled to follow them in space, biti. 
This discovery has given additional confirmation to the laws of Kepler, 
and led to several other important results. 

'* Comets do not all move from west to east like the planets. Some 
have a direct, and some a retrograde motion. 

** Their orbits are not comprehended within a narrow zone of the 
heavens, like those of the principal planets. They vary through all 
degrees of inclination. There are some whose plane is nearly coinci- 
dent with that of the ecliptic, and others have their planes perpendicular 
to it. 

" It is farther to be observed that the tails of comets begin to appear, 
as the bodies approach near the sun ; their length increases with this 
proximity, and they do not acquire their greatest extent, until after 
passing the perihelion. The direction is generally opposite to the sun, 
forming a curve slightly concave, the sun on the concave side. 

" The portion of the comet nearest to the siin must move more rapidly 
than its remoter parts, and this will account for the lengthening of the 
tail. 

** The tail is, however, by no means an invariable appendag'e of Som« com* 
comets. Many of the brightest have been observed to have short and ett have no 
feeble' tails, and not a few have been entirely without them. . Those **'^*' 
of 1585 and 1763 offered no vestige of a tail ; and Cassini describes the 
comet of 1682 as being as round and as bright as Jupiter. On the other 
hand, instances are not wanting of comets furnished with many tails, 
or streams of diverging light. That of 1744 had no less than six, 
spread out like an immense fan, extending to a distance of nearly 30 
degrees in length. 

" The smaller comets, such as are visible only in telescopes, or with 
difficulty by the naked eye, and which are by far. the most numerous, 
offer very frequently no appearance of a tail, and appear only as round 
or somewhat oval vaporous masses, more dense toward the center; 
where, however, they appear to have no distinct nucleus, or anything 
which seems entitled to be considered as a solid body. 

" The tail of the comet of 1456 was 60 degrees long. That of 1618, othenhsTt 
100 degrees, so that its tail had not all risen when its head reached the MT«raI uili. 
middle of the heavens. The comet of 1680 was so great, that though 
its head set soon after the sun, its tail, 70 degrees long, continued visi- 
ble all niglft. The comet of 1689 had a tail 68 degrees long. That of 
1769 had a tail more than 90 degrees in length. That of 1811 had a 
tail 23 degrees long. The recent comet of 1843 had a tail 60 degrees 
in length." 

The following figure gives a telescopic view of the comet of 1811. 
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0b4p. zn. " When we have determined the elements of a comet's orbit, we com- 

pare them with those of comets before observed, and see whether thert 

f oom«u *" *^ agreement with respect to any of them. If there is a perfect 
how deter- identity as to the elements, we should have no hesitation in concluding 
mined. that they belonged to different appearances of the same comet. But 

this condition is not rigorously necessary ; for the elements of the 
orbit may, like those of other heavenly bodies, have undergone changes 
from the perturbations of the planets or their mutual attractions. Con- 
sequently, we have only to see whether the actual elements are nearly 
the same with those of any comet before observed, and then, by the doc- 
trine of chances, we can judge what reliance is to be placed upon this 
resemblance." Comet of 1811. 




Dr.Halley*! «« Dr. Halley remarked that the comets observed in 1531, 1607, 1682, 
prediction had nearly the same elements ; and he hence concluded that they be- 
Terlfied. longed to the same comet, which, in 151 years, made two revolutions, 
its period being about 76 years. It actually appeared in 1759, agreea- 
bly to the prediction of this great astronomer ; and agaia in 1832, by 
the computation of several eminent astronomers. According to Kep- 
ler's third law, if we take for unity half the major axis of the earth's 
Psrtioulwt orbit, the mean dUtance of this comet must be equal to the cube root 
of comeu. of the square of 76, that is, to 17.95. The major axis of its orbit must, 
therefore, be 35.9 ; and as its observed perihelion distance is found to 
be 0.58, it follows that its aphelion distance is equal to 35.32.' It 
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departs, therefore, from the sun to thirty-five times the distance of the Ouap. Xn. 
earth, and afterward approaches nearly twice as near the sun as the '"' 
earth is, thus describing an ellipse extremely -elongated. 

"The intervals of its return to its perihelion are not constantly the 
same. That between 1531 and 1607 was three mouths longer than 
that between 1607 and 1682 ; and this last was 18 months shorter than 
the one between 1682 and 1759. It appears, therefore, that the motions 
of oomets are subject to perturbations, like those of the planetsj and to 
a much more sensible degree. 

" Elements of the Orbits of the three Comets, which have appeared ac- 
cording to prediction, taken from the work of Professor Littrow. 

Halley. 

Longitude of the ascending node, - 54- 

Inctinatlon of the orbit to the ecliptic, 162^ 

Longitude of the perihelion, - - 303'^ 
. Greatest semidiameter, that of the earth > .0 
being called 1 , - - - - ) 

Least semidiameter, - • - 4.6 

Time of revolution in years, - 76 

Nov. 16. 

Time of the perihelion passage, - 1835 

" The comets of Encke and Biela move according to the order of the 
signs of the zod5ic, or have their motions direct; the motion of that 
of Halley is retrograde. 

"Comets, in passing among and near the planei<<, are materially Japitei^ 
drawn aside from their courses, and in some cases have their orbits en- andhii«atel. 
tirely changed. This is remarkably the case with Jupiter, which seems, "**"' * ''*** 
by some strange fatality, to be constantly in their way, and to serve as * " . ** 
a perpetual stumbling-block to them. In the case of the remarkable cometi. 
coi^t of 1770, which was found by Lexell to revolve in a moderate 
ellipse rn the period of about five years, and whose return was pre- 
dicted by him accorllngly, the prediction was disappointed by the comet 
actually getting entangled among the satellites of Jupiter, and being 
completely thrown out of its orbit by the attraction of that planet, and 
forced into a much larger ellipse. By this extraordinary renconter, 
the motions of the satellites suffered not the least perceptible derangement — 
a sufficient proof of the smallness of the comet's mass." 

The comet of 1456, represented as having a tail of 60^ in length, is 
now found to be Halley's comet, which has made several returns — 
in 1531, 1607, 1682, 1759, and recently, in 1835. In 1607 the tail was 
said to have been over 30° in length ; but in 1835 the tail did not ex- 
ceed 12^ Does it lose substance, or does the matter composing the 
tail condense ? or, have we received only exaggerated and distorted 
accounts from the earlier times, such as fear, superstition, and uwe, 
always put forth 7 We aak these questions, but cannot answer^them. 
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Chap. XII. The followiD|r cut represents the appearance of the comet of 
1819. 




Fean en- "Professor Kendall, in his Uranography, speaking of the fears occa- 
tartained, by gfoned by comets, says: "Another source of jipprehensiou., with regard 
some, that ^^ comets, arises from the possibility of their striking our earth. It is 
J . ^.^ quite probable that even in the historical period the earth has been 
come into enveloped in the tail of a comet. It is not likely that the effect would 
oollition with be sensible at the time. The actual shock of the head of a comet against 
our earth. the earth is extremely improbable. It is not likely to happen once in 
a million of years. 

" If such a shock should occur, the consequences might perhaps be 
very trivial. It is quite possible that many of the comets are not 
heavier than a single mountain on the surface of the earth. It is wt*\\ 
known that the size of mountains on the earth is illustrated by com- 
paring them to particles of dust on a common globe." 



CHAPTER XIII.^ 

ON THE PEOULTARITIES OF THE FIXED STARS. 

C hap, xm . ^ipo^ the facts as contained in the subject matter of this 
chapter, we must depend wholly on authority ; for that reason 
we give only a compilation, made in as brief a manner as the 
nature of the subject will admit. 

In the first part of this work it was soon discovered that 
the fixed stars were more remote than the sun or planets ; 
and now, haying determined their distances, we may make 
furthef inquiries as to the distances to the stars, wMch will 
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give some index by which to judge of their magnitildes, nature, Chap. xjn. 
and peculiarities. 

" It would be idle to inquire whether the fixed stan have a fensible Bu« fiw« 
parallax, when observed from different parts of the earth. We have ^^^<^ ^ 



already had abundant evidence that their distance is almost infinite. It "•*■"• *• 
is only by taking the longest base accessible to us, that we can hope to 
arrive at any satisfactory result. 

''Accordingly, we employ the major axis of the earth's orbit, which is 
nearly 200 millions of miles in extent. By observing t^ star from the 
two extremities of this axis, at intervals of six months, and applying a 
correction for all the small inequalities, the effect of which we have 
calculated, we shall know whether the longitude and latitude are the 
same or not at these two epochs. 

" It is obvious, indeed, that the star must appear more elevated above ^»*nfi 
the plane of the ecliptic when the earth is in the part of its orbit which puallaz. 
is nearest to the star, and more depressed when the contrary takes 
place. The visual rays drawn from the earth to the star, in these two 
positions, differ from the straight line drawn from the star to the center 
of the earth's orbit ; and the angle which either of them forms with 
this straight line, is called the annued parallax. 

** As the earth does not'pass suddenly from one point of its orbit to The efftet 
the opposite, but proceeds gradually, if we observe the positions of a ^^ ^ lenailib 
star at the intermediate epochs, we ought, if the annual parallax is sen- P"*""» 
sible, to see its effects developed in the same gradual manner. For 
example, if the star is placed at the pole of the ecliptic, the visual rays 
drawn irom it to the earth, will form a conical surface, having its apex 
at the star, and for its base, the earth's orbit. This conical f urface 
being produced beyond the star, will form another opposite to the first, 
and the intersection of this last with the celestial sphere, will constitute 
a small ellipse, in which the star will always appear diametrically oppo- 
site to the earth, and in the prolongation of the visual rays drawn to 
the apex of the cones. 

« But notwithstanding all the pains that have been taken to multiply Th« aauMl 
observations, and all the care that has been used to render them per- parallaxiiratt 
fectly exact, we have been able to discover nothing which indicates, ^ *•" ***•■ 
with certainty, even the existence of an annual parallax, to say nothing ""* "coad. 
of its magnitude. Yet the precision of modern observations is such, 
that if this parallax were only 1", it is altogether probable that it would 
not have escaped the multiplied efforts of observers, and especially those 
of Dr. Bradley, who made many observations to discover it, and who, 
in this undertaking, fell unexpectedly upon the phenomena of aberra- 
tion* anA nutation. These admirable discoveries have themselves 
served to show, by the perfect agreement which is thus found to take 

* Sulrjoet to be ezplalnad hereafter. 
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Chap. xm. place among obsenrationi, that it is hardly to be supposed that th« 
^ annual parallax can amount to 1". The numerous observations of th« 

pole star, recently employed in measuring an arc of the meridian 
through France, have been attended with a similar result, as to the 
amount of the annual parallax. From all this we may conclude, that 
as yet there are strong reasons for believing that the annual parallax 
is less than 1", at least with respect to the stars hitherto observed. 

« Thus the semidiameter of the earth's orbit, seen from the nearest 
■tar, would not appear to subtend an angle of 1'*; and to an observer 
placed at this distance, our sun, with the whole planetary system, would 
occupy a space scarcely exceeding the thickness of a spider's thread. 
Conolniion " If these results do not make known the distance of the stars from 
to U drmwn ^j^^ earth, they at least teach us the limit beyond which the stars must 
r°" •** necessarily be situated. If we conceive a right-angled triangle, having 
for its base half the major axis of the earth's orbit, and for its vertex 
an angle of 1", the distance of this vertex from the earth, or the length 
of the visual ray,' will be expressed by 212207, the radius of the earth's 
orbit being unity ; and as this radius contains S3987 times the semidia- 
meter of the earth, it follows that if the annual parallax of a star were 
only 1'', its distance from the earth would be equal to 5090209309 radii 
of the earth, or 20086868036404 miles ; that is, more than 20 billions. 
But if the annual parallax is less thanl", the stars are beyond the limit 
which we have assigned. 
Changei " It is evident that the stars undergo considerable changes, since these 
in iBdividoal changes are sensible even at the distance at which we are placed. There 
*"* are some which gradually lose their light, as the star ^ of Ursa Major. 

Others, as yS of Cetus, become more brilliant Finally, there are some 
which have been observed to assume suddenly a new splendor, and then 
gradually fade away. Such was the new star which appeared in 1572, 
A new itsr. in the constellation Cassiopeia. It became all at once so brilliant that 
it surpassed the brightest stars, and even Venus and Jupiter when 
nearest the earth. It could be seen at midday. Gradually this great 
brilliancy l^gan to diminish, and the star disappeared in sixteen months 
from the time it was first seen, without having changed its place in the 
heavens. Its color, during this time, suffered great variations. At first 
it was of a dazzling white, like Venus ; then of a reddish yellow, like 
Mars and Aldebaran ; and lastly, of a leaden white, Uke Saturn. An- 
▲aother ^^^^ "'^^ which appeared suddenly in 1604, In the constellation Ser- 
Mw itar. pentarius, presentj9d similar variations, and disappeared alter several 
months. These phenomena seem to indicate vast flames which burst 
forth suddenly in these great bodies. Who knows that our sun may 
not be subject to similar changes, by which great revolutions have 
perhaps taken place in the state of our globe, and are yet to tal^ place. 
I Psriodieal « Some stars, without entirely disappearing, exhibit variations not less 
remarkable. Their light increases and decreases alternately in regular 
periodf. They are called for this reason viuriabk Btan, Such is th^ 
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■tar Algol, in the bead of Medusa, which has a period of about three chi.p. xiOt. 
days ; / of Cepheus, which has one of five days ; ^ of Lyra, six ; /u of 
Antinous, seven ; o of Cetus, 334 ; and many others. 

" Several attempts have been made to explain these periodical varia- Attempu 
tions. It is supposed that the stars which are subject to them, are, like to «zplani 
all the other stars, self-luminous bodies, or true suns, turning on their periodical 
axes, and having their surfaces partly covered with dark spots, which *"*"«•■• 
may be supposed to present themselves to^ us at certain times only, in 
consequence of their rotation. Other astronomers have attempted to 
account for the facts under consideration, by supposmg these stars to 
have a form extremely oblate, by which a great difference would take 
place in the light emitted by them under different aspects. Lastly, it 
has been supposed that the effect in question is owing to large opake 
bodies, revolving about these stars, and occasionally intercepting a part 
of their light. Time and the multiplication of observations may per- 
haps decide Which of these hypotheses is the true one. 

" One of the best methods of observing these phenomena is to compare Otdar ia 
the stars together, desigllating them by letters or numbers, and dispos- thoM obsar- 
ing them in the order of their brilliancy. If we find, by observation, ▼***<>". 
that this order changes, it is a proof that one of the stars thus com- 
pared, has likewise changed ; and a few trials of this kind will enable us 
to ascertain which it is that has undergone a variation. Iii this man- 
ner, we can only compare each star with those which are in the neigh- 
borhood, and visible at the same time. But by afterward comparing 
these with others, we can, by a series of intermediate terms, connect 
together the most distant extremes. This method, which is now prac- 
ticed, is &r preferable to that of the ancient astronomers, who classed 
the stars after a very vague comparison, according to what they called 
the order of their magnitudes, but which was, in reality, nothing but 
that of their brightness, estimated in a very imperfect manner. 

« By comparing the places of some of the fixed stars, as determined SvggaatiMi 
from ancient and modem observations, Dr. Halley discovered that they of Dr^allav. 
had a proper motion, which could not arise from parallax, precession* 
or aberration. This remarkable circumstance was afterward noticed 
by Cassini and Le Monnier, and was completely confirmed by Tobias 
Mayer, who compared the places of 80 stars, as determined by Roemer, 
with his own observations, and found that the greater part of them 
had a profifer motion. He suggested that the change of place might 
arise from a progressive motion of the sun toward one quarter of the 
heavens ; but as the result of his observation did not accord with his 
theory, he remarks that many centuries must elapse before the true 
pause of this motion could be explained. 

<* The probability of a progressive motion of the sun was suggested 
upon theoretical principles by the late Dr. Wilson of Glasgow ; and 
Lalande deduced a similar opinion from the rotatory motion of the sun, 
by rapposing, that the same mechanical force which givet it a motion 
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Chap, ^"t, round its axis, would also displace its center, and ^Te it a motion of 
' translation in absolute space 
OA**!' « jf i\^Q BUQ )^as ^ motion in absolute space, directed toward any 

qn6iic6t of 

such a the- ^^^^^^ ^^ ^® heavens, it is obvious that the stars in that quarter must 
ory. appear to recede from each other, while those in the opposite region 

would seem gradually to approach, in the same manner as when walk- 
ing through a forest, the trees toward which we advance are constantly 
separating, while the distance of those which we leave behind is gradu- 
ally contracting. The proper motion of the stars, therefore, in opposite 
regions, as ascertained by a comparison of ancient with modern obser- 
vations, ought to correspond with this hypothesis ; and Sir W. Her- 
schel found, that the greater part of them are nearly in the directioa 
which would result from a motion of the sun toward the constellation 
Hercules, or rather to a part of the heaven? whose right ascension i» 
25(P SS' 30", and whose north polar distance is 40^ 22\ Klugel found 
the right ascension of this point to be 26(P, and Prevost made it 23(P,. 
with 65^ of north polar distance. Sir W. Herschel supposes that the- 
motion of the sun, and the solar system, is nottblower than that of the 
ecurth in its orbit, and that it is performed round some distant center. 
The attractive force capable of producing such an eflfect, he does not 
suppose to be lodged in one large body, but in the center of gravity of 
a cluster of stars, or the common center of gravity of several clusters.'*' 
The following figures, taken from Norton's Astronomy, represenfe 
the telesc(^ic appearance of some of the double star& 
Doabls ** There are stars which, when viewed by the naked eye, and eveui 
•ad nraltiikle by the help of a telescope of moderate power, have the appearance of 
*^"''« only a single star ; but, being seen through a good telescope, they are*, 

found to be double, and in some cases a very marked difference is per- 
ceptible, both as to their brilliancy and the color of their light These* 
Sir W. Herschel supposed to be so near each other, as to obey recipro- 
cally the power of each other's attraction, revolving about their com- 
* mon center of gravity, in certain determinate periods. 




Castor, 7/ Leonis, Rigel, Pole Star, ^Monoc, ^Cancri. 

Revolationft " The two stars, for example, which form the double star Castor,. 

of tke molti- have varied in their angrul^r situation more than 45^ since they were 

pie itan. observed by Dr. Bradley, in 1759, and appear to perform a retrograde 

revolution in 343 years, in a plane perpendicular to th^ direction of th& 

sun. Sir W. Herschel found them in intermediate angular positions^ 

at intermediate times, but never could perceive any change in their 

distance. The retrograde revolution of 7^ in Leo, another double star, 

is supposed to be in a plane considerably inclined to tha line in which 

we view it» and to be coii^>l6ted in 1200 yean. The ttan 1 of Bootes, 
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|>errorm a direct revolution in 1681 years, in a plane oblique to the sun. Ca^p. Tnt. 
*rhe stars £ of Serpens, perform a retrograde revolution in about 375 
years ; and those of y in Virgo in 708 years, without any change of 
their distance. In 1802, the large star ^ of Hercules, eclipsed the 
smaller one, though they were separate in 1782, Other stars are sup- 
posed to be united in triple, quadruple, and still more complicated 
systems. 

"With respect to the determination of the real magnitude of the stars, Deseriptioa 
and their respective distances, we hysive as yet made but little progress, of aobnla. 
Researches of this kind must be left to future astronomers. It appears, 
however, that the stars are not uniformly distributed through the 
heavens, but collected into groups, each containing many millions of 
stars. We can form some idea of them from those small whitish spots 
called Nebuls, which appear in the heavens as represented in the ac- 
companying illustration. By means of the telescope, we distinguish in 
these collections an almont infinite number of small stars, so near each 
Other, that their 
rays are ordina- 
rily blended by 
irradiation, aud 
thus present to 
the eye only a 
faint untform 
sheet of li|;^]it. 
That lar^E, 
white, Irifni- 
nous tracks 
which traverses 
the heavfMi^ 
from one puk to 
the other, under 

the name of the Milky Way, is probably nothing but a nebula of this Ths fflilky 
kind, which appears larger than the others, because it is nearer to us. Way a m- 
With the aid of the telescope we discover in this zone of light such a ^^•• 
prodigious number of stars that the imagination is bewildered in 
attempting to represent them. Yet from the angular distances of 
these stars, it is certain that the space which separates those which 
seem nearest to each other, is at least a hundred thousand times as great 
as the radius of the earth's orbit. This will give us some idea of the 
immense extent of the group. To what distance then must we with- 
draw, in order that this whole collection may appear as small as the 
other nebule which we perceive, some of which cannot, by the assist- 
ance of the best telescopes, be made to present anything but a bright 
speck, or a simple mass of light, of the nature of which we are able to 
form some idea only by analogy ? When we attempt, in imagination, 
to fathom this abyss, it is in vain to think of prescribing any limits to 
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Obap. XUL the nniyene, and the mind reverts involiintarlly to the iniignifieaat 

portion of it which we are destined to occupy. " 

Obsarva- Before we close this chapter, we think it important to call the atten- 

tioiu on t«» tion of the reader to tahle II , in which will be seen, at a glance (in 
the columns marked annual variation), the general effect of the preces- 
sion of the equinoxes ; and although we have called particular attention 
to the fact elsewhere, we here notice that all the stars, from the 6th to 
the 18th hour of right ascension, have a progressive motion to 
the southward ( — ), and all the stars from the 18th to the 6th ho^r 
of right ascension have a progressive motion to the northward (-(-), and 
the greatest variations are at h. and 13 h. But these motions are not, in 
reality, the motions of the stars ; they result from motions of the earth. 
Whenever the annual motion of any star does not correspond with this 
common displacement of the equinox, we say the star has a proper 
motion ; and by such discrepancy it has been decided, that those stars 
marked with an asterisk, in the catalogue, have proper motions ; and 
the star 61 Cygni, near the close of the table, has the greatest proper 
motion. 
The pinl> From this circumstance, and from the fact of its being a double star, 

lax of 61 it was selected by Bessel as a fit subject for the investigation of stellar 

Cj^ difoo- pandlax ; and it is now contended, and in a measure granted, that the 
annual parallax of this star is 0".35, which makes its distance more 
than 592.<X)0 times the radius of the earth's orbit ; a distance that liglit 
could not traverse in less than nine and one-fourth years. 



Digitized by VjOOQIC 



PHYSICAL ASTRONOMY. 167 

SECTION III. 
PHYSICAL ASTEONOMY. 

CHAPTER I. 

OXNEBAL LAWS OF MOTION — «HS THEOBT OF GBAYITT. 

Cbjip. I* 

(148.) In a work like this, deagned for elementary in- 
struction^ it cannot be expected that a full investigation of b« m^oiMd 
physical astronomy shall be entered into; for that subject i» *!■ wo*, 
alone would require volumes ; and to fully appreciate and 
comprehend it, requires the matured philosopher combined 
with the accomplished mathematician. 

We shall give, however, a sufficient amount to impart a good 
general idea of the subject — if one or two points are taken 
on trust. 

For elementary principles we must turn a moment to natu- 
ral philosophy, and consider the laws of inertia, motion, and i 
force. Motion is a change of place in relation to other bodies 
which we conceive to be at rest ; and the extent of change in 
the time taken for urdty is called velociti/, and the essential 
cause of n\otion we denominate /orc^. 

A double force mil give a dottble velocity/ to bodies moving VeiocHy th* 
freely in void spaee, or in an unresisting medium — a trijfle !~ 
force, a tri2)ie velocity, &c. This b taken as an axiom — and 
hence, when we consider mere material points in motion, the 
relative velocities measure the relative amounts of force. 

There are ^ree elements to motion, which the philosopher 
never loses sight of; or we may say that he never thinks of 
motion without the three distinct elements of time, velocity, and 
distance^ coming into his mind. 

Algebraioally, we put /, v, and d, to represent the three ele- 
ments, and then we have this important and general equation, 
tv^d (1) 
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Cair. L d d 

Prom this we derive v=s-- (2) and/s=s- fS) 

( 149.) As forces are in proportion to velocities (when mo- 
mentum is not in question), therefore, if we put /and Fto 
represent two forces corresponding to the distances d and 2>, 
which are described in the times t and T, then by making use 
of equation ( 2), in place of the velocities, we have 

d D 
/;^:: = :^ (4)* 

TiM law of ( 150. ) A body at rest, has no power to put itself in mo- 
'■*'*'*• tion; and having no nelf power^ no internal force or twK, in 
any shape, it cannot increase or diminish the motion it may 
have, or change the direction it may be moving. This is the 
law of inertia. It cannot of itself change its state ; and if it 
is changed it must be acted upon by some external force ; 
and this accords with universal experience ; and this law is 
the most natural and simple of any we can imagine, but it is 
only in the motion of the heavenly bodies that it is fully 
exemplified. 
' floiiMMfttrai The earth, moon, and planets move in curves — not in 
*^ "TJ* right lines. The directions of their motions are chmged. 
moUoBs of Something external from them must, therefore, change them ; 
the oartb, f^j. ^^^ j^w of in&r&cL would continue a motion once obtained 
jriaaeti. *° !& a Straight line. Now this force must ccdst within the or- 
bit of every curve; we therefore naturally refer it to the 
body round which others circulate. The earth and planeta 
go round the sun, and if we could suppose a force residing in 
the sun to extend throughout the system sufficient to draw 
bodies to it, this would at once account not only for the 
planets deviating from a right line, but ifould account for a 
constant deviation of all bo^es to that poiat, and the preser- 
vation of the system. 
Ttemoon*! The moon goes round the earth, constandy deviating from 
motiMi con- ^Q tamrent of its orbit, and the law of inertia is constantly 

• We number the proportioiu the nme m e^iiutioBBt for a ptopor- 
tion if bat an equation in another fom. 
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urging it to rise from the center; the two on an average balan- cbap. i. 
cing each other, retains the moon in an orbit about the 
earth. 

Now what and where is this force ? Is it around .the « 

earth,^ or within the earth ? Is it electrical or magnetic ? or 
is it that same force (call it what we may) that makes a 
body fall toward the earth's center when unsupported on a 
resting base ? 

A trifling incident, the fall of an apple from a tree, seems contompia. 
to have led the mind of Newton to the contemplation of this ««»• of S" 
ffyrce which compels and causes bodies to fall, and he at once ^^ ^*'" 
conceived this force to extend to the moon and to cause it to 
deviate from the tangent of its orbit. 

The next consideration was, whether if this were the force, 
it was the same at the distance of the moon, as on the sur- 
face of the earth ; or if it extended with a diminished amount, 
what was the law of diminution ? 

Newton now resorted to computation, and for a test he . incipient 
conceived the force in question to extend to the moon, undi- ^^ ^ ^ 
ndnished by the distance ; and corresponding thereto he de- gnnty. 
cided that the moon must then make a revolution in its orbit 
in 10 h. 55 m. But the actual time is 27 d. 7h. 48 m., 
which shows that if the force is the same which pervades a 
fklling body on the surface of the earth, it must be greatly 
diminished. 

Now by making a reverse computatioD, taking the actual impwuat 
time of revolution, and finding how far the moon did really ^ 
fall from the tangent of its orbit in one second of time, it was 
found to be about ^^^^ part of 16 ^ feet — the distance a 
body falls the first second of time. 

But the distance to the moon is about 60 times the radius 
of the earth, and the inverse square of this is ^^rVir* which 
corresponds to the actual fall of the moon in one second. , 

(151.) It is a well-estabHshed fact in philosophy, and Apnaoipie 
geometrically demonstrated, that any force or influence exist- ^^^^^^i 
ing at a point, must diminish as it spreads over a larger 
space, and in proportion to the Increase of space. But space 
increases as the square of linear distance, as we see by Fig. 28. 
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Otu^-i- ~ A double dutanoe spreads the inflnence oyer four times the 
space, whatever that influence may be; a triple distance, nine 
times the space, etc., the space increasing as the square of 

Fig, 28. 




the distance. Therefore, any influence spreading in all di- 
rections from its central point must be er^edtled as the square 
of the distance. 
TiMtheoiy From observations and considerations like these, Newton 

gnyitj. established the all-important and now universally admitted 
theory of gravity. 

This theory may be summarily stated in the following 
words: 

Iheiy body of matter in the universe attrads every other body, 
in direct ^proportion to its mass, cmd in the ifwerse proportion to 
ihe square of ike distance. 

This theory Somc attempts have been made, from time to time, to call 

M.t!lj ******* *^® truth of this theory in question, and substitute in its 
place the influence of light, caloric, and electricity ; but any 
thing like a close application shows how feebly all such sub- 
stitutes stand the test. 

The theory of gravity so exactly accounts for all the phy- 
sical phenomena of the solar system, that it is impossible it 
should be false; and although we cannot determine its nature 
or its essence, it is as unreasonable to doubt its existence, as 
to doubt the existence of animate beings, because we know 
nothing of the principle of life. 
Attraotion ( 152.) According to the theory of gravity, every particle 

f ^JLd™** compo^g a body has its influence, and a very irregular body 
may be divided in imagination into many smaller bodies^ and 
the center of gravity of each taken as the point of attraction, 
and all the forces resolved into one will be the attraction of 
the whole body. 
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In a sphere composed of homogeneous particles, the aggre- chaf. i. 
gate attraction of all of them will b^ the same as if all were j^ttraotion of 
compressed at the center; but this will be true of no other a,ipiiw«* 
body. The earth is not a perfect sphere, and two lines of 
attraction from distant points on its surface may not, yea, 
will not, QroBS each other at the earth's center of gravity. 
(See Fig. 10.) 

( 153.) A particle anywhere inside of a spherical shell of AttnotioB 
equal thickness and density, is attracted every way alike, and iaii^* of » 
of course would show no indication of being attracted at all. ^^ 
Hence a~ body below the surface of the earth, as in a deep pit 
or well, will be less attracted than on the surface,. as it will 
be attracted only by the diminished sphere below it. At the 
center of the earth a body would be attracted by the earth n^J^^i^*) 
every way alike, and there would be no unbalanced force, a ipiMra. 
and of course no perceptible or sensible attraction.* 

( 154 .) The attractive power on the surface of any perfect E-,^„i^, 
and homogeneous sphere may be expressed by the mass of the for the at- 
sphere divided hy the square of the radius. SewufeM**/ 

Consider the earth a sphere (as it is very nearly), and %w^n. 
put E to represent its mass, and r its mean radius, then 

^ = ^=16Jjfeet. 

E 
This attractive force, algebraically expressed by -^ we call^, 

and it is sufficient to cause bodies to fall 16^^ feet during 
the first second of time. If the earth had contained more 
matter, bodies would have fallen more than 16^ feet the 
first second; if less, a les^ distance. 
With the same matter, but more compact, so that r* would ^j^ d^naitt 

be less with E the same, -^ would be greater, and the attrac- the eai^ 

tive power at the surface greater, and bodies would then fall 
more than 16^^ feet the first second of their fall. 

Now we say this 16^^ feet is the measure of the earth's 
attraction at its surface, and it is made the unit and standard 
measure, directly or indirectly, for all astrofnamicd f cress. 

* See RoUlnflon'f Natural PhOosopby, page 16. 
11 H* 
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CHAg. I . For this reason, we call the undivided attention to this 

force, the known — the noted — the dU-important 16,^ feet. 

To flad the ( 155. ) By the theory of gravity, we can readily obtain an 

•"Thlre ^[analytical expression for the attraction of a sphere at any dis- 

anydistutoa. tancc from the center, after knowing the attraction at the 

snrface. For example. Find the yalne of the attraction of 

the earth, at the distance of D from its center; r being the 

radius of the earth, and g the gravity at the snrface ; put x 

to represent the attraction sought. Then by the theory. 



i:i; Or.,=y(^) (5) 



As g and r are constant quantities, the variations to x will 
correspond entirely to the variations of D'. We shall often 
refer to this equation. 
An •sprat. (156.) As every particle of matter in the universe at- 
•ion for the tracts ovcry other particle, therefore the moon attracts the 
traction of ^^^^ ^ ^^^ AS the earth attracts the moon ; and the extent 
two bodiei. by which they will draw together^ depends on their mutual at- 
traction. If m represents the mass of the moon, and B the 
radius of the lunar orbit ; then, 

The earth will attract the moon by the force •^. 
The moon will attract the earth by the force -^. 

The two bodies will draw together by the force ^^ . 

If we substitute the value of ^, as fotind in ( 154), in equa- 

E 

tion (5 ), and making B=^D, then we have the expression —• 

The spirit of these expressions will be more apparent when 
we make some practical applications of them, as we intend 
non to do. 
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CHAPTER II. 

KIPUDR's laws — X^XWONBTBATION 0? THB SECOND AND TEIXD— 
HOW A PLANBTABT BODY WILL FIND ITS OBBIT. 



£xaiiiinft- 
H^ tioniofKeiH 



A general 



( 167.) In tiiis ohaptor we desiga to make some examiDa- chap. n. 
tion of Kepler's laws, recapitiilaimg them in <nrder. 

The orbits cf th4 pkautB ar$ dieses, having the 
one of their foci* 

This law is but a ooncise statement of an observed fady 
wldoh nevec oonld have been drawn from any other source 
than obserration ; buJi the second law, namelj. 

That the radius vector of any planet ( conceived to be in mo- 
tion ) sweej^ over equcd areas in equal times is susceptible of 
a rigid maihematical demonstration, under the following gen- 
eral theorem. 

An^ body, being in motion^ and constantly urged toward any 
fif«ed point, notm a line with its nwtion, tmuet describe equal 
areas in equal times round thatpoinL 

Let a moving 
body be at ^ 
haising a veloci- 
ty which would 
carry it to B, 
say in one sec*- 
ondoftime. JBy 
the law of mer^ 
tia^. it would 
move from B to 
C, an equal dis- 
tance, in the next second of time. But during this second 
interval of time, let us suppose it must obey an impulse or 
force from the point S, suffici^t to cany it to D. It must 
then, by the compoation of forees explained in natural phi- 
losophy, describe the diagonal B E, of the paralldogram 
SDEQ. 



Fig. 39. 




Iti 

•tration. 
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Chap. d. Now in the firgt interval of time, we suppoBed the moying 
body described the triangle SAB. The second interval, it 
would have described the triangle S B Cfit undisturbed by 
any force at S, but by such a force it describes the triangle 
S B JS; but the triangle S B H Is equal to the triangle 
8 B 0, because they have the tame base 8 B, and lie between 
the parallels 8 B 9,n^ E C. Also the triangle 8 B Cjb 
equal to the triangle SAB, because they terminate in the 
same point S, and have equal bases A B and B C. There- 
fore the triangle S A B la equal to the triangle 8 B E, be- 
cause they are both equal to the triangle SBC; that is, the 
moving body describes equal areas in equal times about the 
point 8y and this is entirely independent of the nature of the 
force at S; it may be directly or inversely as the distance, or 
as the square of the distance. 
The con. The convcrse of this theorem is, that when a body describes 
rmne of the ^q^^ areas in equal times round any point, the body is con- 
stantly urged toward that paint} and therefore as the planets 
are observed to describe equal areas in equal times round the 
sun, their tendency is toward the sim, and noi Unoard any 
other point within the orbits. 
Kepler*! ( 158. ) The third law of Kepler is most important of all, 
'W'* ^^ namely — The squares of the times of revolution are to each 
the tim*t at- ^'^^ ^ ^ ^^ 9/ ^ distances from the S9m, By this law 
tnu^tion ir it is proved, that it is the same force which urges all the 
theVuMe of P^°®*^ ^ *^® ^"""^^ poiut, and that its intensity is inversely as 
the dutaaoe. the square of the distance from that point ( the center of the 
sun ), confirming the Newtonian theory of gravity. 

To show this, let us suppose that the 
planets revolve round the sun in circular 
orbits (which is not far from the truth), 
and let P ( Fig. 30 ) represent the posi- 
I tion of a planet ; F the distance which 
the planet is drawn from a tangent during 
unify of time; in the same time that it 
describes the indefinite small arc c; and 
the number of times that c is contained in the whole circum- 
ference, so many units of time, then, must be in one revolution. 
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If DiBtbe diameter of the orbit and/ the time of reyok- oiur. n. 



tion, then will 



/=^. . . . (1) 



So for any other pknet. If / is the force urging it toward aa \ 
the sun, a its corresponding arc, Tits time of reyolution, and **^^2^ 
B the radius of its orbit; then, reasoning as before, 

By comparing ( 1 ) and ( 2 ) we have 

€ a 

„ B^ 4JB» 
Bysquaring, i^ : T^ :: -77 : -^. 

By Kepler's law, <« : T* : : r» : B^. 
By comparing the two last proportions, and observing that 
2r may be put for D,. and reducing, we haye 

But by the well-known property of the circle, we have 

F ^ c \i e I 2r; or, c«=2rJ^. 
In like manner, .... a' = 222/:^ 
Substituting these values in the last proportion, and redu- 
cing, we have 

Or, ' . . Bf : rF :: r : B. 

Hence, . B*/=r*F; or, F :/ :: B^ : r*. 

0'' ""-^ •■' ^ ' ^- 

That is, the aUradive force 0/ the sun U redprocaUy pro- 
porHonal to the square f^tke diskmee. 

(159.) If we commence with the hypothesis, that bodies TtethMiy 
tend toward a central point with a force inversely proper- ^ gnvii? 
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^^* ^ tional to the squares of their distances, and then compute 
and laws of the Corresponding times of revolution, we shall find that the 
in° Kepie^s ^quares of the times must be as the cubes of the distances. Hence 
third law. Kcpler's third law is but the natural mathematical relation 
which must exist between times and distances unong bodies 
moving freely, in oircukir orbits, animated by one central 
force which varies as ike inverse square of the distance. 
Aa inqaiiy. ( 160. ) Having shown that Kepler's third law is but a 
mathematical theorem when the planets move in circles and 
their masses inappreciable in comparison to that of the sun's, 
we now inquire whether the law is true, or only approximately 
true, when the orbits are ellipses, and their masses consid- 
erable. 
Uowaaiwer. On ouc of thcsc pobts of inquiry, the reader must take our 
*^* assertion; for its demonstoation requires the use of the trUe- 

pral calculus, a method that we designed not to employ in this 
work. Kepler's third law supposes all the force to be in the 
central body, and the planets only movbg points. But wo 
have seen in Art. ( 120 ) that the attracting force on any 
planet is the mass of both sun and planet divided by the 
square of their mutual distance; and therefore when the 
mass of the planet is appreciable, the force is increased, and 
MaiMK of the time of revolution a little shortened. But the fact that 
the planets KepWs law corrcspouds so well with other observations 
lompaieTto P^oves that the masses of all the pknets are inappreciable 
Hm sob. compared to tihe mass of the sun. 

Kepler's ( ^^^' ) -^^ ^^ ^^® othcr poiut, WO statc distinctly that the 

third law ma. planets (considered as bodies without masses) revolving in 

^"*^*^*"^ ellipses of ever so great eccentricity, the sqfuires of the times 

uc oihits. of revduHcm are to each other as the cubes of half the gre^tfft 

axes of (he orbits. 

We shall not attempt a demonstration of this truth; but 
hope the following explanation will give the reader a clear 
view of the subject. 

Bodies revolving in eUipses round one of the foci, may be 
considered to have a rising and a Ming motion; something 
like the motion of a pendulum. The motion. (^ a pendulum 
depends on the forve of gravviyi the length of the pendnluBly 
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and the distance tlie pendulum was first drawn aside. The Chay. u. 
motion of a planet depends on the fcyrce of gravity, its mean 
distance from the sun, and the original impulse first given to a common 
it. Most persons, who have not investigated this siihject, •"©rof ©pin- 
imagine that each planet must originally have had precisely 
the impulse it did have to maintain itself in its orbit ; and so 
it must, to maintain itself in just that definite orbit in which 
it moves. Bvi had ike original impulse been differeTd^ either as 
to amount or direction, or as to both, then by the action of gravvty 
and inertia, the planet would have found a corresponding orbit. 

(162.) The force of gravity, from the action of any attract- Examina. 
ing body, is always as the mass of the body divided by the square **®** ^^ *^* 
of its distance. Algebraically, if Jf is the mass of the body, m"k>^ in 
r its distance, and F the force at that distance, then (see 118) eiiiptio orbiu 

we have - - - ■^=^- (See Fig. 28.) 

Now if the planet has such a velocity, c, as to correspond 
with the proportion F : c : : c : 2r, 

Or, - - - - ci=J2rF=yJ , and that velocity at 

right angles to r (Fig. 28), then the planet's orbit would be a 
circle, with t£e radius r. If the velocity had been less in 
amount than this expression, and still at right angles to r, then 
the planet would fall within the circle, and the action of gife- 
vity would increase the motion of the planet ; and the motion 
would increase faster than the increased action of gravity : 
there would be a point, then, where the motion would be sufficient ^yj^her from 
to maintain the planet in a circle, at its then distance; but the the nm. Bb- 
divection of the motion will not permit the planet to run into ^^ !J ***"" 
the circle, and it must fall within it. • 

The motion continues to increase until its position becomes 
at right angles to the radius vector ; the motion is then as 
much more than sufficient to maintain the planet in a circle, 
as it was insufficient in the first instance ; it therefore rises^, 
by the law of inertia, and returns to the original point P, 
where it will have the same velocity as before ; tod thus the 
planet vibrates between two extreme distanees. 
12 
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Chap. II 

Gravity and 
original ve- 
locity deter- 
mine the OC' 
centrioityand 
mean distan- 
ces of the or- 
bits. ' 



A hypothe- 
tical case. 



If the velocity^ on starting from the point P, were very 
much less than sufficient to maintain a circle, at that distance,, 
then the orhit it would take would be very eccentric, and 
its mean distance much less than r. If the original velocity 
at P were greater than to maintain it in a circle, it ;670uld 
pass outside of this circle, and the point P would be the peri- 
helion point of the orbit. 

Thus, we perceive, that the eccentricity of orbits and mean 
distances from the sun depend on the amount and direetion 
of the original impulse, or velocity which the planet has in 
some way obtained; and U is not necessary that the planet 
should have any defimte impulse^ either in amount or direction, U> 
move in an orbit^ if the direction is not directly to or from the sun^ 
(163.) For a more definite explanation of this subject, let 
us conceive a planet launched out into space with a velocity 
sufficient to maintain it in a circle at the distance it then hap- 
pened to be, but the direction of such velocity not at right 
angles to the sun, then the orbit will be elliptical, and the-, 
degree of eccentricity will depend on the direction of tho 
motion ; but the longer axis of the orbit will be equal to the- 
diameter of the circle, to which its velocity corresponds ; and 

the time of its revolution will be 
the same, whether the orbit i^ 
circular or more or less elliptical. 
Let P (Fig. 31) be the posi- 
tion of a planet, S the sun; and 
let the velocity, a, be just suffi- 
cient to maintain the planet in 
a circle, if it were at right angles 
toSP. 

Now to find the orbit that this 
planet would describe, draw the 
line P G B,t right angles to a, 
and from S let fall a perpendi- 
cular on PC; SO will be the 
eocentrioity of the orbit, and PC 
will be the half of its conjugate 
axis; *and with these lines the whole otbit is known. 



Fig. 31. 




Digitized by VjOOQIC 



PLANETARY MOTION. 



169 



( 164.) Now let us suppose that a planet is rather cardesslj cha>. n . 
launched into space, with a velocity neither at right angles to Pianau 
the sun, nor of sufficient amount to maintain it in a circle, at ^^^"^*" 
that distance &om the sun. ever be the 

Let P (Fig. 32) represent the Fig. 32. di«.u.«»d 

position of the planet, a the ,-'*** | original mo. 

amount and direction of its Aop- 
hazard velocity during the first 
unit of time. The direction of 
the motion being within a right 
angle to SPy the action of gra- 
vity increases 
the velocity >^ 
of the planet, ^ 
on the same 

principle that a falling body in- 
creases in velocity ; and the planet 
goes on in a curve,describing equal 
areas in equal times round the point 
S\ and it will find a point, |>, where 
its increased velocity will be just 

equal to the velocity in a circle whose radius is the diminished 
distance Sp. From the point j>, and at right angles to a, 
draw p C, &c., forming the right angled triangle p C S. S C 
is the eccentricity, S a the mean distance, and p C half the 
conjugate axis of the orbit. 

If the planet is launched into space in the other direction, 
the action of gravity will diminish its motion, and will bring ^^'^"'^^ 
it at right angles to the line joining the sun; it is then at its each side of 
apogee, with a motion too feeble to maintain a circle at that »pok*« "»* 
distance ; and it wUl, of course, approach nearer and nearer 
to the sun by the same laws of motion and force that it receded 
from the sun ; hence the curve on each side of the apogee 
will be symmetrical; and the same reasoning will apply to the 
curve on each side of the perigee i and, in short, we shall 
have an ellipse. 

To sum up the whole matter, it is found by a strict e^mi- ^^^ 
nation of the laws oigrcmtyf motion, and inertia, that whatever tion. 




The oibiU 
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Obat. n. may be the primarj foree and direction giyen to a planetary 
^ body ( if not directly to or from the Bun), the pUxMt vnUfind 
a correspcndvng orbU, of a greater or less eceentridty, <xnd of a 
greater or less mean distance; and whatever he the eccenirieittf 
of the orbit, the real vdocity, at the extremity of the shorter axis, 
will be just si^ficient to maintain thejplanet in a circular orbit, ai 
thai mean distance fromthe sun,* 

TbMorj of * Let S be the sun, and P the position of a planet as repre- 
sented in the annexed figure, and we may now suppose it to 
I burst into fragments, the figure representing three fragments 
only ; the velocity and direction of one represented by a ; of 
another by b, and of a third by e, &c. 
Fig. 33. 



ooaMraiof 




As action is just equal to reaction, under all circomstanees, 

therefore the bursting of a planet can give the whole mass no 

additional velocity ; a small mass may be blown off at a great 

velocity, but there will be an equal reaction on other masses, 

bunt^onl '^ *^® opposite direction. 

planet, th« The whole might simply burst into about equal parts, and 
*■«"•»*• then they would but separate, and all the parts move along 
oibiti com. ^ ^^^ B^"^^ general direction, and with the same aggregate 
■pondiBf to velocity as the original planet. The bursting of a rocket is 
tiMLdpMi! * '^^'y Mi^'^*®* ^^* * ^^ faithftd representation of such an 
explosion. 
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( 165.) To see whether Kepler's third law applies to ellipses, Chaf. n. 
we represent half the greater axis of any ellipse by A, and Kepier** 
half the shorter axis by B, and then (3.1416)^^ is the area ^^ i»w n- 
of the ellipse. Also, let a represent the velocity or distance J^~^J^^ 

— " — •llipgeg, aa 

If the velocities of the several fragments were equal, the weu aa to 
times of their revolutions would be equal; but the eccentri- ®*~^**- 
cities of the several orbits would depend on the angles of a, 
b, c, &c., with 8 P. If a is at right angles to iS P, and just 
sufficient to maintain the planet in a circle at that distance, 
then its orbit would have no eeoeniricity. If still at right 
angles, but notsoffident to maintain a cirok at that distance, 
then SP would be the greatest radius of the orbit. Hence, 
we perceive, there is an abundance of room to have a multi- 
tude of orbits passing through the same point, during the 
first one or two revolutions ; and the times of such revolu- 
tions may be equal, or very unequal. In short, thgr$ is no 
physical impossibUify to be urged against the theory of Dr. 
Gibers, that the asteroids are but fragments of a planet. 

The objection is (if an objection it can be called) Ihat 
these planets have not, in f&ctt, a common node, nor have an 
approximation to one ; nor have they an approximation to a 
common radius vector, 9l8 S P. But the objection vanishes 
when we consider that the elements of the different orbits 
must be variable; and time, a st^ient length qf /tfn«,>. would 
separate the nodes and change the positions of the orbits so 
as to hide the common origin, as is now the case. 

But if it be true that these planets once had a common 
origin in one large planet, it is possible to find the variable 
nature of the elements of their orbits to such a degree of 
exaetness as to trace them back to that origin — define the 
place where, and the time when, the separation must have 
occurred. 

If, however, a planet should burst at one time, and after- 
ward one or more of the fragments burst, there could be no 
tracing to a common origin ; hence it is possible that the 
asteroids in question may have a common origin, and it be 
wholly beyeiid the power of man to show it. 
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Cbap. 11. that tlie planet will move in a unit of time, when at the ex- 
tremity of its shorter axis ; then \aB will express the area 
described in that unit of time. ^ 

But as eqnal areas are described in equal times, as often 
as this area is contained in the whole ellipse will be the num- 
ber of such units in a revolution. Put t= that number, or 
the time of reyolution ; then 

(3.1416)^^ 2(3.1416)^ 
'"^ iaB ^ a 

Let A* and B* be the semiaxes of any other ellipse ; a' the 
▼elooity at the extremity of ^, and f the time of reyolution; 

thenwm- . ,=?<?i«6)£ 

a * 

By comparing these equations, and rejecting common ffto- 

tors, we have - < : r : : — : -7. 

a a 



t' 



But by Art. 162, a=^-j, and o,='\j-jr 

M mass of sun) ; and putting the values of a and a', in the 
above proportion, wi3 have 

72Jf * V2Jf ' 

Or, - . <:<':: aJA : A! JA\ 

By squaring i^ :<'«:: A^ : A'^\ which 10 
Kepler's third law. 
Ecocntrici.. (166.) We have seen, in articles 163 and 164, that the 
ti«t of the eccentricity of an orbit depends on the direction of the motion 

plaD6tuT or* '*' 

biu chu^ to the radius vector, when the planet is at mean distance. If 
by their ma- that direction is at right angles to the radius vectpr at that 
uonf . ***'***' *™®» *^®^ *^® eccentricity is nothing. If its direction is very 
acute, then the eecentricity is very great, &c. 

J^ow suppose another planet to be situated at B (Fig. 32) ; 
its attraction on the planet, passing along in the orbit 'pa^vk 
to give the velocity, a, a direction more at right angles to 
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- Tar ▼«iy. 



Sp, and thus to diminish tlie eccentricity of the orbit. If Chap. n. 
the disturbing body, B, were anywhere near the line C S, its The mean 
tendency would be to increase the eccentricity; and thus, in 
general, A disturbitiff botfy near a line of the ikorUr aaia of 
an orbit, Jias a tendency to diminieh the eccentricity of the orbit 
of the disturbed body ; and, anywhere near a line of the greater 
axiSf has a tendency to increase the eccentricity. Hence the 
eccentricities of the planets change in consequence of their 
mutual attractions; but their mean distances never change. 

(167.) As the time of revolution is always the same for 
the same mean distance^ whatever be the eccentricity of the 
orbit, therefore if we conceive a planet to turn into an infi* 
nitely eccentric orbit, apd fall directly to the sun, the time of 
«uch fall would be half a revoluUon, in an orbit of half its 
present mean distance, as we perceive, by inspecting Fig. 34. 

Hence, by Kepler's third law, we can compute the 
time that would be required for tmy planet to &11 to 
the sun. Let x represent the time a planet would 
revolve in this new and infinitely eccentric orbit ; then, 
by Kepler's law, 

t^ 
or, 



Fig. 34. 

n 



2» : 1» 



^=F 



Hm priB- 

eiplet and 
the computfi- 
tion of the 
time raqniied 
for the plan- 
•tatofka t* 
the ran. 



Therefore half of the revolution, or simply the time 

<ef the fall, must be expressed by =., or, — = ; 

*^ 2^8 4^2' 

that is, to find the time in which any planet would 
fall to the sun, if simply abandoned to its gravity, or the time 
in which any secondary planet would fall to its primary, divide 
its time of revolu^on by four times the square root of two» 
By applying thb rule, we find that 

Days. h. 

Mercury would fall to the sun in ..»..»,.». 15 13 

Venus, ...^ 39 17 

Earth, 64 13 

Mars, 121 10 

Jupiter, 765 21 

Saturn, 1901 23 

Uranus, 5424 16 52 

The moon would fall to the earth in 4d. 19 h. 54 m. 368. 



y 



m. 
13 
19 
39 
36 
36 
24 
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OHAPTEK III. 

MASSES OF THX PLANBTS — DENSITISS — PBESSUBE ON tHJBiB 
SUBVACES. 

Chap. m. (168.) It the earth contained more matter, it would 
„ attract with ereater force; and if the sun has a greater 

Masses mea- ° ' , . , . . 

snred by at- powor of attraction than the earth, it is because it contams 
traction. more fnaUer than the earth ; and therefore, if we can find the 
relative degree of attraction between two bodies, we have 
their relative masses of matter. 

If the earth and son have the same amount of matter, they 
will attract equaUy at equal distances. Let Jfbe the mass 
of the sun, and E the mass of the earth, then ( at the same 
unit of distance), ike attraction of the mm is, to the aUracHon of 
the earth, as Mto E, 

But attraction is inversely as the square of the dbtance* 

Hence the attraction of thp sun at I) distance, is -^ ; and 

E 

the attraction of the earth at R distance is -g^. 

Gravity of The earth is made to deviate from a tangent of its orbit 
the svn is \^y ^^ attraction of the sun; and the moon is made to deidate 

ineasiirod by , , 

the deyia- ^0^1 a tangent of Its orbit by the attraction of the earth, and 
tioa of tho the amount of these deviations will give the respective 
tangentoTite ^-fflounts of solar and terrestrial gravity, 
orbit. If we take any small period of time, as a minute or a sec- 

ond, and compute the versed sine of the arc which the earth 
describes in its orbit during that time, such a quantity will 
express the sun's attraction; and if we compute the versed 
sine of the arc which the moon describes in the same time, 
that quantity will express the attraction of the earth. 
How to com. In Figure 30, Art. 168, -P represents the versed sine of an 
parativo^" arc ; and if we take D to represent the mean distance be- 
massesofthe tween the earth and sun, and consider the orbit a circle 
tun and earth ^^ ,^ ^j^^^y without crror, 164 ), the whole cirounferenoe is 
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itD (^=s 6.2832). Divide the whole ciroumference by the Ohap.ui. 
number of minutes in a revolution ; say T, and the quotient 
will represent the arc a (Fjig. 80). When T is very small, 
and of course a very small, the chord and bxq practkaUy coin- 
cide ; and by the well known property of the circle, we have 

W'.aixaiF', Or, F^^, . (1) 

But a = -jr; hence, a^ = -^^5-, and ^=^ g^ ; 

That is, jPsss ^-=^ ; which is an expression for the sun's 

1/- ' 

attraction at the distance of the earth. But -=r— is also an 

expression for the sun's attraction at the same distance; 

therefore, 57*^5^5 Of, M^^^^. 

In the same manner, if M represents the radius of the lunar 
orbit; t the number of minutes in the revolution of the 
moon ; the mass of the central attracting body ( in this case 
the earth ) must be expressed by 

Therefore, JS : Mi: ^ : jyj. 

This proportion gives a relation between the masses of the 
earth and sun expressed in known quanUdes. 

If we assume unity for the mass of the earth, we shall 
have for the mass of the sun, 

(169.) This is a very general equation, for D may repre- Tiwgwitrai 
sent the radius of the earth's orbit, or the orbit of Jupiter or »ppiio»tioB 
Saturn, and 5^ will be the corresponding time of revolution. ^^^^ *'"*' 
Also E nagr r^resent tin radius of the lunar orliit» or the 
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Chap. Ill , orbit of one of Jupiter's or Saturn's moons, and then t will 

be its eorresponding time of revolution. 
The lesiiiu This equation, however, is not one of strict accuracy, as 
of th« equa- the distancc a planet falls from the tangent of its orbit, in a 

tioa will not 

,y^^t^^^ J definite moment of time, is not, accurately iSFi l'^* ~7rj~" 

whyl ' 

( see 156 ), JE bemg the mass of the planet. The force 
which retains a moon in its orbit is not only the attracting 
mass of the central body, but that of the moon also. But 
the planets being very small in relation to the sun, and in 
general the masses of satellites being very small in respect to 
their primaries, the errors in using this equation will in gen- 
eral be very small. The error will be irreatest in obtaining 
for equation the mass of the earth, as in that case the equation involves 
<^)* the periodic time of the moon ; which period is different from 

what it would be were the moon governed by the attraction 
of the earth alone ; but the mass of the moon is no inconsid* 
erable part of the entire mass of both earth and. moon; and 
abo the attraction of the sun on the combined mass of the 
earth and moon, prolongs the moon's periodical time by about 
its 179th part. 

With these corrections the equation will give the mass of 
the sun to a great degree of accuracy; but we can determine 
the mass of the sun by the following method : 
A mon ae- From Art. 155, we learn that the attraction of the earth 

**•**• at the distance to the sun, is ff ( Tj?)' 

By Art. 168, we have just seen that the attraction of the 



sun on the earth, is ^^ ; therefore. 






Taking the mass of the earth as unity, we have 
Equation (£) is more aoourate than equation (^)i 
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because ( ^) does not inyolye the periodical reyolution of the Chap. m. 
moon, which requires correction to free it from the effects of 
the sun's attraction. To obtain a numerical expression for How to ob- 
the mass of the sun, M^ the numerator and denominator of the ^^2 ^i 
right hand member of equation ( ^ ) must be rendered homo- rait, 
geneous ; and as g, the force of gravity of the earth, is ex- 
pressed in feet ( corresponding to T in seconds ), therefore r 
the mean radius of the earth, and D the distance to the sun, 
must be expressed in feet. But from the sun's horizontal 
parallax, we have the ratio between r and i> ( see 127 )> 
which gives i> = 23984 r. 



This reduces the fraction to 



2gT* 



But to ex- 



press the whole in numbers, we must give each symbol its 
yalue; that is, ^ris 6.2832; r= (3966) (6280); ^=16.1; 
7^=31668160, the number of seconds in a sidereal year. 
(6.2832)«(23984)3(3966)(6280) 
(32.2)(31668160)« 



Therefore, 



jr=- 



It would be too tedious to carry this out, arithmetically, aa •xx 
without the aid of logarithms, and accordingly we give the ^^""^ ^^ 
logarithmetical solution, thus, of loguithmt 

6.2832 log. 0.798178x2 . . . 1.596366 
23.984 log. 4.380000x3^ . . 13.140000 

3966 log 3.597266 

5280 log. 3 .722632 

Logarithm of the numerator, . . .22 .066244 



32.2 log. 
31668160 log. 7.499114X2 
Logarithm of the denominator, 
Therefore Jf = 864946, whose 1 



?.is 



1 .607856 
14 .998228 



16 .506084 
5.560160 



ThemMKof 
tho sun do- 
. torminod. 



That is, the mass or force of attraction in the sun is 
854946 times the mass or attraction of the earth. La Place 
12 
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CHAr. m . says it is 854936 times ; but the difference is of no conse- 
quence. 

Equation (.i) gives 350750; but equation (^), as we 
have before remarked, is far more accurate, and the result 
here given, agrees, within a few units, with the best author* 
ities. 

Equation (^) is not general; it will only apply to the 
relative masses of sun and moon, because we do not know 
the element ^, the attraction, on the surface of any other 
planet, except the earth. That is, we do not know it as a 
primary fact; we can deduce it after we shall have determined 
the mass of a planet. 

Equalaon ( A) is general, and although not accurate, when 
applied to the earth and sun, is sufficiently so when applied 
to finding the masses of Jupiter, Saturn, or Uranus; because 
these planets are so remote from the sun, that the revolutions 
of their satellites are not trwdied by the sun's attraction. 
Tofiftdthe (170.) To find the mass of Jupiter (or which is the 
"toT&toi ■*°^® *^^°& *^® ■""» of the sun when Jupiter is taken as 
Md Uiuu. unity), we conceive the earth to be a moon revolving about the 
sun, and compare it with one of Jupiter's satelMtes revolving 
round that body. To apply equation (^), let the radkiB of the 
earth equal umiy, then the radius of Jupiter must be 11.11 
(Art. 131 ); and as observation shows the radius of Jupiter's 
4th satellite is 26.9983 times its equatorial radius, therefore 
the distance from the center of Jupiter to the orbit of its 
4th satdlite, must be the following product (11.11) (26.9988), 
which corresponds to i2 in the equation. i> = 23984; 
7^=365.256; /= 16.6888. 

Therefore, by applying equation ( -4 ), ( Jf = ^3 ) ; we 

ha^e Jif^ (16.6888)»(23984)» 



(366.256)a(ll.ll)»(26 .9983)** 

By logarithms 16.6^88 log. 1 .222410x2 . 2 .444820 
28984 log. 4 .380000X8 . 18 .140000 

Logarithm of the numerator, . 16. 584820 
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365.266, log. 2.562600x2 . 6.125200 o«4p.ib. 

11.11, log. 1.045714x8 . 8.187142 

26.9983, log. 1.431820x8 . 4 .298960 

Logaritlim of the deBominaior, 12 .556802 

Therefore if = 1068*, log. ... 3 .028618 

TluB result shows that the mass of the son is 1068 times 
the mass of Jupiter ; but we previously found the mass of 
the sun to be 864946 times the mass of the earth, and if 
unity is taken for the mass of the earth, and J for the mass 
of Jupiter, we shall have 

1068 /=r 364945; 
because each meitiber of this equation ia equal to the mass 
of the sun. 

By dividing both members of this equation by 1068, we tiwb«h •€ 
find the mass of Jupiter to be 832 times that of the earth; JlJ^d'to aTi 
but in Art. 132, we found the hulk of Jupiter to be 1260 of th« euth. 
times the bulk of the earth; therefore the density of Jupiter 
is much less than the density of the eartL 

In the same manner we may find the masses of Saturn and The dimms 
Uranus— the former is 106.6 times, and the latter 18.2 »f &»«»■ 
times the mass of the earth. "^ Unaiu, 

The pri&oiples emlmioed in equation (^) apply only to 
those planets that have satdlites; for it is by the rapid or 
alow motion of such satellites that we determine the amount 
of the attractive force of the planet. 

In short, the masses of those planets which have satellites, wh^t n. 
are known to great accuracy; but the results attached to •«it«">»y ^ 
others in table IV, must be regarded as near approximations, accurate. 

The slight variations which the earth's motion experiences ^« m^Mt 
by the attractions of Venus and Mars, are sufficiently sensi- ^„ *^'^ 
ble to make known the masses of these pkaets ; and M. Mennuy. 
Burckhardt ^ves -^-^^^ for Venus, and ^^^^^^^ for Mars 
( the mass of the sun being unity) • Mercury he put down at 



• This is a correct result according to these data; but more modern 
observations, in relation to the micrometic measure of Jupiter, and 
the dktanee of his satellites, give results a little different, as expressed 
in taUe IV. 
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0x4P. in j^ssJTTf 9 ^^^ ^^ result is little more than hypothetical, 
as it is drawn from its volume, on the supposition that the 
densities of the planets are reciprocal to their mean distances 
from the sun; which is nearly true for Yenus, the earth, and 
Mars. 

Ay meant of (171.) It may be astonishing, but it is nevertheless true, 

gravity and , , /T-v i/t^-v y* i r 

theionarpar. that by means of equations {A) and ['£) toe can find the 
aUax, we diameter of the earth to a greater degree of exactness than by 

may find the "^ , , *, ® ^ 

diameter of ^^7 ^°® actual measurement. 

the earth. We havo scveral times observed that equation ( ^ ) is not 
accurate when used to find the masses of the earth and sun, 
because it contained the time of the revolution of the moon; 
which revolution is accderaUd by the gravity of the moon, and 
retarded by the action of the sun. 

Therefore, to make equation ( ^ ) accurately express the 
mass of the sun, the element t' requires two corrections, 
which will be determined by subsequent investigation. The 
first is an increase of ij'jth part ; the second is a diminution 
of ^Ijth part, and both corrections will be made if we take 

76-358 ^ . , 
^^:3^^^Mn place of ^^ 

Then having two correct expressions for the mass of the 
sun, those two expressions must equal each other ; that is, 
76-358 <«■/)» «-»Da 
75-359 !r«i23 "" 2^3 T«' 

By suppressing common factors, we have 

76-358 <« _ ^^ 
75-359 jB3""2^«' 

In this equation r represents the mean radius of the earth, 
and we will suppose it unknown; the equation will then 
make it known. 

The relation between i?, the mean radius of the lunar or- 
bit, and r, the mean radius of the earth, is given by means 
of the moon's horizontal parallax. 
Eqnatoriai Q^g moon's equatorid horizontal parallax, as. we have seen, 
panJiaz aad (65) is 57' 3"; but the horizontal parallax for the mean ra- 



A common 
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dins, is 56' 57"; this makes B=i{ 60.36 ) r, whatever the obap. m. 
numerioal value of r may" be. Put this value of i2 in the T . 

" USUI JMMl* 

preceding equation, and suppress the common factor r^» zonui pani- 

^^ ^ 76-358 <« ^ 

we then nave = — , 

75-359 ( 60.36 )='r 2ff 

V76-858/» 



Therefore. r=- 75.359 ^ 60.86 )»-« " 

As ff is expressed in feei, and corresponds to ^ in seconds, confidano* 
the numerical value of r will be in feet, which divided by ^ '^ "^'*'*- 
5280, the number of feet in a mile, will give the number of 
miles in the mean radius or mean semidiameter of the earth; 
and by applying the preceding equation, giving p, t, and ^, their 
psoper values ; and by the help of logarithms, we readily find 
r = 3953 miles ; only three miles from the most approved 
result; and we do not hesitate to say, that this result is more 
to be relied upon than any other. 

MASS OV THE MOON. 

( 172. ) Approximations to the mass of the moon have Tke mus of 
been determined, from time to time, by careful observations ^ ™<>®» 
on the tides ; but it is in vain to look for mathematical re- di^miMd 



suits from this source ; for it is impossible to decide whether from 

vatic 
the tides. 



any particular tide has been accelerated or retarded, aug- ^*'^®" ®" 



mented or diminished, by the winds and weather; and if not 
affected at the place of observation, it might have been at 
remote distances; but notwithstanding this objection, the 
mass of the moon can be pretty accurately determined by 
means of the tides, owing to the . great number and variety 
of observations that can be brought into the account; and 
we shall give an exposition of this deduction hereafter ; but 
at present we shall confine our attention to the following 
simple and elegant method of obtaining the same result. 

If the moon had no mass ; that is, if it were a mere mate- 
rial point, and was not disturbed by the attraction of the 
sun, then the distance that the moon would fall from a tan- 
gent of its orbit, in one second of time, would be just equal 

p 
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to ^. (Art. 155. ) In this ezpreftdon g, r, and i2, repre^ 

sent the same quantities as b the last article. The dis- 
tance that the moon actually falls from a tangent of its orbit, 
in one second of time, is eqnal to the versed sine of the arc it 
describes in that time, and the analytical expression for it is 
found thus : 

Let r i2 represent the circumference of the lunar orbit, and if 
t is put for the number of seconds in a mean revolution, then 

— represents the arc corresponding to the moon's motion in 

one second (Fig. 30), and as this so nearly coin(»des with 
a chord, we have 

Anttzprat. Hence, we perceive, that -^-^ is the distance that the 

•ion for Uie ^* 

diaunce the ^^^ would fall from the tangent of its orbit in one second 

moon falli in ^ 

one Moond of time, if it were undisturbed by the action of the sun; but 

of time. 359 

we can free it from such action by multiplying it by 5^, 

as we shall show in a subsequent chapter. That is, the 
attraction of both the earth and moon, at the distance of the 

lunar orbit, IS ggg:^. 

But the attraction of* the earth alone, at the same distance, 
is -~^ ; and comparing these quantities with the more gene- 
ral expressions in Art. 156, we have 

E Jg4-m gr^ 359«-» jR 

B^ ' B^ '' B^ ' 358-2/«' 

By suppressing the common denominator, in the first 
couplet, and calling Js, the mass of iJie earth, unity, the pro- 
portion reduces to 

1 : l+m :: yf : -ggj^- 
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Ab in the last article, -B=(60.36)r, and thb value pnt for O"^*™ - 
i^s, and reduced, gives 

359«-«(60.36)3r 



1+m 



388-2 ^"t 



m, . ^ . 359^«(60.36)3r 

Therefore, - - l+f»= 353.2 <» a * Th^wwh. 

This fraction, as well as the one in the last article, can be 
reduoed arithmeticaUy; but the operation would be too 
tediouff; they are both readily reduoed by logarithms, by 
which we found l+f»= 1. 01301 ; hence m=.01301, which 
is a little greater than V^rth. Laplace says i/^th of the earth given i^'iZ 
is the true mass of the moon ; and this value we shall use. p^*<^- 

THB DSHBSmS Of BODIES. 

(173.) The density of a body is only a comparative term, standard 
and to find the comparison, some one body must be taken as **' density, 
the standard of measure. The earth is generally taken for 
that standard. 

It is an axiom, in philosophy, that the same mass, in a 
smaller volume, must be greater in density; and larger in 
volume, must be less in density ; and, in short, the denisity 
must be directly proportional to the mass, and inversely pro- 
portional to the vofaime; and if the earth is taken for unity 
in maaSt and unity in volume, then it will be unity in density 
also ; and the density of any other planetary body will be its 
mass divided ly its vdume; and if its volume is not given, the 
density may be found by the following proportion, in which 
d represents the density sought, and r the radius of the body ; 
the radma of the earth heing nmiity. The proportion is drawn 
from the consideration that spheres are to one another as the 
cubes of their radii. 

1 maee ^ , , , mase 

r : — — :: 1 : a; henoe a= — --. 

From this equation we readily find the density of the sun, 
for we have its mass (354945), and its semidiameter 111.6 fcfST^tl! 
times the semidiameter of the earth (Art. 156) ; therefore its litiM of 
13 
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— '■ — ' density must be ^^^^ ^^, =0.254 or a Kttle more than Hh 

•plwretoom. (111.6) » * 

pa»d to the tijg density of the earth. 

the earth. ^he mass of JupitcT is 332 times that of the earth, and its 

volume is 1260 times the volume of the earth ; therefore the 

332 
density of Jupiter is ^^^^ =0.264 ; which is a little more 

than the density of the sun. 
Deniities The mass of the moon is i^, and its volume ^V* therefore its 
mooB^&c!*'' density is -^^ divided by ^\, or ^f =0.6533; about | the den- 
sity of the earth. 

From these examples the reader will understand how the 
densities were found, as expressed in table lY. 

GRAVITT ON THB 8X7EFAOB OF SPHERES. 

Grmvity on ( 174) The gravity on the surface of a sphere depends on 

o/the other ^^^ ^^'^^ ^^^ volume. The attraction on the surface of a 

pianeti, how Sphere is the same as if its whole mass were collected at ita 

^™^ center; and the greater the distance from the center to the 

surface, the less the attraction, in proportion to the square of 

the distance : but here, as in the last article, some one sphere 

must be taken for the unit, and we take the earth, as before. 

The mass of the sun is 354945, and the distance from its 

center to its surface is 111.6 times the semidiameter of the 

earth ; therefore a powid, on the surface of the earth, is to 

the pressure of the same mass, if it were on the surface of 

1 354945 
the sun, as - to , or as 1 to 28 nearly. That 

is, one pound on the surface of the earth would be nearly 28 

pounds on the surface of the sun, if transported thither. 

The mass of Jupiter is 332, and its radius, compared to 

that of the earth, is 11.1 (Art. 131) ; therefore one pound, on 

332 
the surface of the earth, would be ^ ^ , or 2.48 pounds on 

the surface of Jupiter; and by the same principle, we can 
compute the pressure on the surface of any other planet. 
Besults will be found in table IV. 
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CHAPTER IV, 

PROBLEM or THB THBSB B0DU8. — LUNAB PB&TUBBATI0N8 

(175 .) By the theory of universal gravitation, every body in Chaf. iv . 
the universe attracts every other body, in proportion to its Thetiwoiy 
mass; and inversely as the square of its distance; but simple * «^^*y- 
and unexceptionable as the law really is, it produces very com- 
plicated results, in the motions of the heavenly bodies. 

If there were but two bodies in the universe, their motions The com. 
would be comparatively simple, anc[ easily traced, for they J^*^^ ®^ 
would either fall together or circulate around each other in 
some one undeviating curve; but as it is, when two bodies 
circulate around each oth^r, every other body causes a devia- 
tion or vibration from that primary curve that they would 
otherwise have. 

The final result of a multitude of conflicting motions can- 
not be ascertained by considering the whole in mass; we must 
take the disturbance of one body at a time, and settle upon 
its results ; then another and another, and so on ; and the sum 
of the results will be the final result sought. 

We, then, consider two bodies in motion disturbed by a The prob- 
third body ; and to find all its results, in general terms, is JT kL/** 
the /awiow* prchlem of ^Hhe three bodies ;^^ but its complete 
solution surpasses the power of analysis, and the most skillful 
mathematician is obliged to content himself with approxi- 
mations and special cases. Happily, however, the masses of 
most of the planets are so small in comparison with the mass 
of the sun, and their distances so great, that their influences 
are insensible. 

We shall make no attempt to give minute results ; but we 
hope to show general principles in such a manner, that the 
reader may comprehend the common inequalities of planetary 
motions. 

Let m, Fig. 35, be the position of a body circulating around Ahttraot 
another body A, moving in the direction PmB, and dis- **''**»<»"•. 
turbed by the attraction of some distant body D. 

p* 
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Chap IV. 



Two bodies 
•qnally ' at- 
traotodinpa. 
nllol lines 
aie not af- 
fected in 
theix mntaal 
lelationi 




We now propose to show some of 
the most general effects of the a.c- 
tion of D, withofiU paying the least r^- 
ga^ to quca/Uity, 

If A and m were equally at- 
tracted by Dy and the attraction 
exerted in parallel lines, then D would 
not disturb the mutual relations of 
A and m. But while m is nearer to 
D than ^ is to D, it must be more 
strongly attracted, and let the line 
mp represent this excesB of attraction. 
Decompose this force (see Nat. Phil.) 
into two others, mn and n^,the first 
along the lide Am, the other at right 
angles to it. 

The first is a l^ng force ( called 
by astronomers the radial force), 
the other is a tangefdal force, and affects the motion of m. It 
will accelerate the motion of m, while acting with it, from P 
to B; and retard its motion, while acting against it, from B 
to Q. 

We must now examine the effect, when the revolving body 
is at m\ a greater distance from D than A is from JD. 

Now A is more strongly attracted than m\ and the resuU 
of this unequal attraction is the same as though A were not 
attracted at all, and mf attracted the other way by a force 
equal to the difference of the attractions of D on the two 
bodies A and m\ Let this difference be represented by the 
line m! p\ and decompose it into two other forces, m' n' and 
n'y, the first a lifting force, the other the tangental force. 

The rationdte of this last position may not be perceived by 
every reader; and to such we suggest, that they conceive A 
and m' joined together by an inflexible line A m', and both 
A and m' drawn toward D, but ,A drawn a greater dis- 
tance than m'. Then it is plain that the position of the line 
Am! will be changed: the angle DAm' will become greater, 
and the angle CAm' less; that is, the motion of m' will be 
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fkcoelerated from Q to (7, but from (7 to P it Trill be re- ohaf.iy . 
tarded. 

In short, the mGthn ^ mvnUhe wxtieriOed whm mnmg to- The di«. 
ward the line DB 0, and retarded whik nwwng from that line. ^^^^ 
That is, retarded from B to Q, accelerated from Q to (7, re- „^saraToi. 
tarded from C to P, and again accelerated from P to B. ▼!«« ^^7 *« 

If we conceive -4 to be the earth, m the moon, and J) the ^^^ '^ 
enn; then DB C \a called the line of the syzigies, a term 
which means the plane in which conjunctions and oppositions 
take place. At the point B the moon falls in conjunction with 
the sun, and is new moon; at the point C it is in opposition^ 



Fig. 36. 
T3> 



or fall moon. 

(176.) Conceive a ring of matter around 
a sphere^ as represented in' Fig. 36, and let 
it be either attached or detached from the 
sphere, and let D be no^ in the plane of the 
ring. 

From what was explained in the last ar- 
ticle, the particles of matter at m are con- 
stantly urged toward the line DBC, and 
the particles at mf are constantly urged 
toward the same line; that is, the at- 
traction of 2)| on the ring, has a tendency to 
diminish its inclination to the line DBC; 
and its position would be ohanged by such 
attraction from what it would otherwise be; 
and if the ring is attached to the sphere, the sphere itself will 
have a slight motion in consequence of the action on the ring. 

Now there is, in fact, a broad ring attached to the equator- 
ial part of the earth, giving the whole a spheroidal form ; and 
the plane of the equator is in the plane (^ the ring. 

When the sun or moon is without the plane of this ring^ 
that is, without the plane of the equator, their attraction has 
a tendency to draw the plane of the equator toward the at- 
tracting body, and actually does so draw it; which motion is 
called ntOoHon. How this motion was dkeoveted, and its 
amount ascertained, will be explained in a subsequent chapter. 

(177.) We may conceive the line DJJ (7 to be in the 




Cause of 
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Chap. IV . plane of the ecHptic, D the sun, and the ring around the earth 

AppUea. the moon's orbit, inclined to the plane of the ecliptic with an 

***** •^ ?• angle of about five degrees; then when the sun is out of the 

lunar orbit, plane of the ring, or moon's orbit, the action of the sun has 

a constant tendency to bring the moon into the ecliptic, and 

by this tendency the moon does fall into the ecliptic from 

either side sooner than it otherwise would. 

TiMmooii'i The point where the moon falls into the ecliptic is called 

' the moovilB node; and by this external action of the sun the 

moon falls into the ecliptic 



frad«. 



Fig. 37. 



Lntr ptr- 



Uon fiir find- ^ 

ing a gemaral 

•nalytioal 

0zpr«uion 

for tholontf 

fwrtnibar" 




represented in the figure at D.) 



from its greatest inclination 
before it describes 90^, and 
goes from node to node be- 
fore it describes 180^ — and 
hence we say that the moon's 
nodes fall hadnoafd on the 
ediptic. The rate of retro- 
gradation is 19^ 19' in a year, 
making a whole drole in about 
18.6 years. 

(178.) We are now pre- 
pared to be a little more defi-<- 
nite, and inquire as to the 
* amount of some of the lunar 
irregularities. 

Let S be the mass of the 
sun, J^ that of the earth, and 
m the moon, situated at D. 
Let a be the mean distance 
between the earth and sun, e 
the distance between the sun 
and moon, and r the mean ra- 
dius of the lunar orbit. Let 
the moon hate any indefinite 
position in its orbit. ( It is 



3 



The attraction of the sun on the earth is -r, the attrae- 
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tion of the son on the moon is -^ ; and the attraction of the — • — ' 
earth and moon» on the moon, is — 1_, ( Art. 156.) 

Let the line D£, the diagonal of the parallelogram A C, be 
the attraction of the sun on the moon, and decompose it into 
the two forces D A and D C; the first along the lunar radius 
vector, the other parallel to SB. « 

The two triangles CDB and D S E 9xq similar, and give 

a 

the proportion a:z:: CD : 3B. But DB=^ -^; 

a S 
Therefore CD^—^. By a similar proportion we find 

Let the angle 3 ED be represented by w^ then D O will 
be expressed by r cos. x, and SDO will be a right line nearif^, 
for the angle DSEis never greater than 7'. 

Now if the force D C, which is parallel to 8E, is only 

equal to the force of the sun's attraction on l^e earth, it 

will not disturb the mutual relations of tiie earth and moon. 

8 
The force of the sun's attraction on the earth is -^; and as tins 

must be less than the force of attraction on the moon when 
the moon is at D, conceive it represented by the line C», and 
subtracted from CD, will leave Dn the excess of the sun's 
attraction on the two bodies, the earth and the moon ; and 
this alone constitutes the disturbing force of the moon's 
motion ; 

That is, Dn^CD—On^^—-^; ,^^T^ 

«• O* ' tion Ibr Hkm 



Or Dn^=aS I -J ^V the dittmUng force. Decom- *" 

pose this force {Dn) into two others, Dp and |m, by means 
of l^e right angled triangle Dpn\ the angle pDn being 
equal to DES^ which we represent by m. 
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. Wheaee I>P^ Sa y^ — -^) eoB.x; 

And pnsszSal-^ ^Jmn.x. 

The foroe DA, i. $. I ~J U called the addiiious force; 

TiM radial the foroe I)p the aHatiUous force. The difference of theae 
^^' tyfo forces is called the radial force ; that is 

Sa I Icos. « -as the radial force :t>n is the 

tangental foroe. 
D^Mioii 'v\lien the angle x is equal to 90^, cos. « = o, /S D « 5^, 

of tlw radial *^ ^ ' ' 

ibfM at ^* Qf gcrza; whlch values, substituted, give ^ for the value 

of the radial force at the quadratures, and its tendency there 

is to increase the gravity of the moon to the earth. When 

the angle x is sero ( the moon is in conjunction Trith the sun ) 

the 008. = 1, and the radial force becomes 

&_&_rS' S{a—r) Sa 

2» o» «« ' ^^ «3 a»' 

But at that point 2 = (a — r), which value substituted, 

and rejecting the comparatively very small quantities in both 

numerator and denominator, we have, for the radial force at 

2rS 
conjunction, — j-. 

When the angle x == 180** ( the moon is in opporition to 

the sun ), cos. a; » — 1, and the force becomes 

Sct_^_r8^ S S(a^ ) 

a^ z^ «»' ^a« «« • 

But at this point z = a-\-ry which, substituting as before, 

and we have for the radial foroe in opposition — ^-, the same 

expression as at conjunction. 

If we compare the radial force at the syzigies with the ex* 
pression for it at the quadratiirefl^ we shall find it tl» nme 
in form, but double in amount and c^posite in sign, showing 
that it is opposite ia effect. 
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( 179. ) As the radial force iBcreases the gravity of the oiur, nr. 
moon to the earth at the qnadratnres, and diminishes it at 
the syzigies, there must be points in the orbit symmetrically whenthar^. 
sitttated, in respect to the syzigies^ where the radial force ^^^ ^^^ ^ 
neither increases nor diminishes the grayity, and of conrse **^* 
its expression for those points must be zero; and to find How t* 
these points we mnst have the equation flndthwi. 

&(i_l)cOB.«-rf=0 . . (1) 

By inspecting the figure we perceive that the line SD Q 
is in value nearly equal to the line 8E, and for all points in 
the orbit we have 

j;=sa + r cos. OP (2) 

Reducing equation ( 1 ), we have 

(a3 — 28)ooB. aJ«rB«. . . . (3) 
Cubing (2), 

09 =ss a' 4: 3a* r cos. « zp 3ar^ cos. *a? + r' cos. '«. 
As r is very small in relation to a, the terms containing the 
powers of r, after the first, may be rejected; we then have 

(a» — 03) ^ q: 8a* r ooSw«. . • (4) 

This value substituted in ( 3 ), and reduced, gives 

o - - Raiiilt of 

•f. O cos. 'dr sss 1. tha nidial 

Honee cos. x^ J\ and « ^ 64® 44', or the points ^"^^^^ 
are 36^ 16' from the quadratures. ud ijsi(ioi. 

This shows that at the quadratures, and about 85^ on 
each side of them, the gravity of the moon is increased by 
the action of the sun, and at the syzigies, and about 54° on 
each side of them, the gravity is diminided; and the cBminu- 
tion in the one case is double the amount of increase in the Mora n 
other, and by the application of the differential oalculuB we ^^' 
learn that the mean result, for the entire revolulion^ is a dnoi- 

nution whose analytical expression is ^y an expression 

which holds a very prominent place in the lunar theory; the 
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cuMr.iw . result of which we hftye used in Art. 171, and there stated it 
to be ^jrth part of the foroe that retained the moon in its 
orbit. 
Tita* of But how do we know this to be its numerical valne, is a 
^"* fcjr ^^T wrions bqniry of the critical student? 

aiai mm, 

•ad how f£]^^ £^yQg ^Jj^|. ye^ng ^\y^ m^jQU Jjfj i^jg. ^jy^jJlj Jg . "T 

IDWUI. ^ 

( Art 166 ) ; and if the radial force can be rendered homoffe- 
neous with this, some numerical ratio must exist between 
them. Let x represent that ratio, and we must find some 
numerical value for x to satisfy the foUoVring equation : 

i4-=^- (A) 

Therefore «= — ^ — - J - ^ * 

calling J^» 1, m =s ^ (Art. 172), or J^-f m is 1.013. 
iS» 354945 (Art. 169), and the relation between the 
mean distance to the sun, and the mean radios of the lunar 
orbit, is 397.8,* therefore 

(2.026X397.3)»_ 

"" 35^^45 ^^^^' 

or the coefficient to d;, inequation (A), is ofM^Afw hiundredtk 
andj^-eiffkih pott of the force tMch rekdns ths moon m iig 
oihU. 
Gwerai«r. ciso.) The mean radial force causes the moon to drou- 
diaifbiM. ^^ ^^ Tir^ P^ greater distance from the earth than it 
otherwise would have, and its periodical revolution is in- 
creased by its 179th part; but this would cause no variation 
or irregularity in its distance or angular motion, provided its 
orbit were <»roular, and the earth and moon always at the 
same mean distance from the sun. 

r8 
The ndiii But WO peroeive the expression ^ contains two variable 

M«* quantities, r and a, which are not always the same in value; 

and, therefore, the value of the expression itself must be va- 

• Thifl relatton it found by dividing the horiiontal panUaz of the 
moon, 56' 57", by the horlzonttl parallax of the aon, 8".6. 
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riable ; and it will be least when the earth is at the greatest cbat. iy. 
distance from the sun, and, of coarse, the moon's motion will 
then be increased. But the earth's Variable distance from 
the sun depends on the eccentricity of the earth's orbit ; and Th* umn- 
hence we perceive that the same cause which affects the ap- ^tj,*^^*^*^," 
parent solar motion, affects also the motion of the moon, and motion, 
gives rise to an equation called the oanamaL eqwxHon* of the 
moon's motion. It amounts to 11' in its maximum, and va- 
ries by the same law as the equation of the sun's center. 

( 181.) If we take the general expressions for the radial a (•»•»> 
/I l\ rs wpwsdon 

force, Sai—- — -- ) cos. x — —, and banish the letter z ^^!^^^ 

\jj3 ^z/ |»3 ' foie* Many 

, - , point of tho 

from it by means of the equation ««on»i oiUt. 

Or, z^ ssz a^ + 3a* r cos. a?, 

( neglecting the powers of r ) and we shall have, 
rS (3 cos, ^x — 1) 
a» 
for an expression of the radial force correspondiBg to any 
angle x from the syzigy. 

If we take the general expression for the line jm^ the tan- 
gental force, and banish z, as before, we have, 

^ - ^ 3r5 COS. Of sin. « 
tangental force = . 

By doubling numerator and denominator, this fraction can ExpimrioB 
take the following form : ^nujTfew' 

3rg (2 COS. X sin, x) ^ 
2a3 
But, by trigonometry, 2 cos. a; sin. a; = sin. 2ir, 

Therefore the tangental force == g— ^ — . , 

This expression vanishes when x=^o and x = 90^ ; for then itf vaniiii. 
sin. 2aj = sin. 180 =a 0. Hence the tangental force van- *^ !»*■*•- 
ishes at the syzigies and quadratures, attains its wiiTiwmni 

• Thto is eqnation I, in the Lnnor TaUeg. 

13 Q 
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Chap. IY . rtlue Bi &e OCtBStB, BlidlMineS 08 t^ 

dutanee cf the moon from the sun. 

The tan. T]ie fneon moxmum for this force most be detemdnod by 

maun obeervation. It is known by. the name of variaiionf and by 

when the mere inspeetion we can see that its amount must correspond 

^ ^ to the Tiriations of r and of a*. Hence, to obtain the moon's 

place» we mnst hate eoirection on correction. 

The yariation unonnts to about 85'. It increases the ve- 
locity of the moon from the qnadratnres to the syzigies, and 
diminishes it from the syzi^es to the qnadratores ; hence, in 
consequence of the variation, the velocity of the moon is 
greatest at the syzi^es, and least at the quadratures. 
AppUoatiM ^ 182.) Let us now examine the effect of the radial foree 
fiHM to M ^° ^^® hmu orbit, ocmsidered as elliptical. 



Mt. 



So 



Fig. 38. 



Let SBCEig. 88) be at right 
angles to ^ iJ, the greater axis 
of the knar orbit, and conceive 
ACB to represent the orbit that 
the moon would take if it were 
undisturbed by the sun. 

But when the moon comes 
round to its perigee at .^, it is in 
one of its quadratures, and the 
radial force then increases the 
gravity of the moon toward the 

earth by the expression •-^. 



But 



here r m less Ikon its mean mhte, 
and the expresedon is less than its 
mean, and therefore the moon is 
£ not ofowUd so near ihe earth as 
it otherwise would be, and, of 
course, at this point the moon 
will run farther from the earth, 
▲t the point C, the radial force tends to increase die dis- 
tance between the earth aad moon, emd to Mhn the oMi. 
wiMii the When the moon passes roimd to B, the radial force again 
increases the gfavity of the moon, and r, in the expression 
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So 



Fig. 39. 



When tlw 
rftdial fim« 



•cMBtrioity 
of tto huiv 
Mbit* 



--, is greater than its mean value; and, of course, crounh the 

a' dtoroaMt 

moon nearer to the earth than it otherwise would go; wi*^!JJJJ^ 
thus we perceiye that the action of the radial force on an el- , 
liptical orbit has a tendency to decrmse ike eccemtridty nf the 
ellipse, when the sun is at tight angles to its greater asns. 

( 183.) Now conceive the sun to be in a line, or nearly in 
a Ike, with the longer a3ds of the lunar orbit, as represented 
in Fig. 39. 

The radial force at the qvadratnres^ 
C and D, has a tendency to press in 
the orbit, or narrow it. At the point 
A, the tendency, it is true, is to in* 
crease the distance between the earth 
and moon; but that tendency is not 
so strong as it would be if the moon 
were at its mean distance from the 
earth. 

The tendency at jS is to increase 
the distance, and it is a tendency 
greater than the medium. That is, 
the tendency at ul is less than the 
medium; at B, greater than the me- 
dium; and at and D, the com- 
pressed parts of the orbit, the ten- 
dency is to a still greater compres- 
sion; th^efore, the entire action of 
the radial force is to ijicrease the ec- 
eeniricity of the lunar orbits when the 
sun is in line, or nea/rly in line, with 
the longer axis. 

Thus, we perceiye, that under the disturbing action of the 
sun, the eccentricity of the moon's orbit muat be in a state 
of perpetual change, now more, now less^ than its mean state. 

Oorresponding with this change of eccentricity there must 
be changes in the lunar motion; and to keep account of it^ 
and allow for it, astronomers haye formed a table called 

WIOTION. 
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Ctaup. IT. 

Effect of 
Um ndial 
fofoe on the 
motion of the 
hinar peri* 



Fig. 40, 



G 

S 



O 



Retrograde 
motion of the 
perigee and 
apogee. 



The major 
axis of the 
lanar orbit is 
inclined to 
follow the 



(184.) Now let tu exanune the effect of the radial force 
on the positipn of the lunar apogee. 

Let JS (Fig. 40), be the earth, and, 
for the sake of simplicity, we conceive 
the earth to be stationary, and the 
sun and moon both to revolve about 
it with their apparent angular veloci- 
ties ; the moon in the orbit A B, 
and in the direction A C B; the 
sun in a distant orbit, part of which 
is represented hj S S'. 

Let ^ B be the greater axis of the 
moon's orbit, in its natural position, 
or as it would be if undisturbed by 
the sun; and being undisturbed, the 
perigee and apogee would remain con- 
stant at the points A and B; and the 
time from A to B, or from B to A, 
would be just equal to the mean time 
of half a revolution, as explained in 
a former part of this work. 

Now let us conceive the sun to be 
in its orbit at S, then the moon will 
be in the syzigy when it comes round 
to 8, and as the radial force at that point tends to increase 
the distance between the earth and the moon, the apogee will 
take place at 8, or between 8 and B ; and it is evident that 
the apogee in that case would recede or run back. But at 
the next revolution of the moon, in a little more than twenty- 
seven days, the sun at that time will, apparently, have moved 
to S' about twenty-seven degrees. Now the syzigy will take 
place at 8 ', and the greatest distance between the earth and 
moon will now be between B and s\ that is, the apogee will 
advance, in one revolution, from near 8 to near s'; and thus, 
in general, the longer axis of the moon's orbit is strongly in- 
clined to follow the sun ; and this is the source of its pro- 
gressive motion. It makes a revolution in 3232^ days; 
but its motion is very irregular, for, as we l^ve just seen, 
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when the line which joins the earth and son makes a very chap.iv. 
acute angle with the longer axis of the lunar orbit» and is ap- 
proaching that axis, the motion of the apogee and perigee is 
retrograde; but, all of a sudden, when the sun passes the 
longer axis of the lunar orbit, the motion of the apogee be- 
comes direct, and moves with considerable rapidity. 

When the sun is at right angles to the major axis of the Undwwhat 
moon's orbit, the tendency of the radial force is to diminish J"*****" ^ 
the eccentricity of the orbit, but it has no tendency to change hmariMiigM 
the position of the axis. wmnbu •tm- 

From this investigation it follows, that when the sun has '"^* 
just passed the greater axis of the lunar orbit, the interval 
from apogee to apogee, or from perigee to perigee, will be 
greater than a revolution. Just before the sun arrives at the 
position of the longer axis, the time from one apogee to an- 
other is less than a revolution; and when the sun is at 
right angles to the longer axis, the time is just equal to a 
revolution in longitude, 

( 185. ) By comparing eclipses of the moon, observed by Aaetont 
the ancient Egyptians and Chaldeans, with those of more ^^^''^''^.T 
modem times, Dr. HaUey, and other astronomers, concluded modem ob- 
that the periodic time of the moon is now a little shorter ■«▼»«<>". 
than at those remote periods; and to make these extreme 
observations agree with modem ones, it became necessary 
to conceive the moon's mean motion to be accderaUd about 
11 seconds per century. 

For a long time this fact seriously perplexed astronomers : ^^ »- 
some were for condemning the theory of gravity as insuffi- " 
dent to explain the cause of the lunar perturbations, while 
others were for rejecting the facts, although as well estab- 
lished as any mere Mstoncal facts could be. 

In this dilemma, says Herschel, "Laplace stepped in to 
rescue physical astronomy from reproach by pointing out the 
real cause of the phenomenon in question." 

Although this subject troubled the greatest philosophers 
of the past age — the greatest mathematical philosophers the 
world ever saw — the problem is quite simple, now the solu- 
tion is pointed out, and we are sure that every reader of or- 

a* 
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OmAw.vr . diaarj etpadty can understand it, provided lie gives bis se« 

rions attention to the subjeet. 
Ammmuj rpj^^ seoular aeeeleration of the moon's mean motion « 

■tatonMat ox 

Umosvm. cou9^ iy « rnnaiU change tn the mean v<du$ of the radial force^ 
oeeasioned ty a change in the eccentricity of the earth*e orbU, 

The expression 5-j is the mean radial force of the son 

aetbg on the moon's orbit, dilating it and increasing the 
time of the hinar revolution. 
wbt» *• jf ^]^e earth's orbit had no ecoentrioitj, 2a', the denomina- 

1^ u^-^"^ ^ ^^ fraction, wonH always have the same vahie, and 
then regarding the numerator as constant, there would be no 
variation of the moon's motion arismg from tills cause. But 
in consequence of the earth and moon moving toward the 
apogee of the earth's orbit, a, of coarse, a^ becomes 
greater, and the value of the radial force becomes less than 
its mean value, and in consequence of this, the moon's mo- 
tion is inereaeed. And when the earth and moon move to- 
WhM di- ward the earth's perigee, a and a' become less, and the 

BtauiMd. ^^^ ^^ ^1^^ radial force becomes greater than its mean; the 

moon's orbit is dilated to excess, and its motion is difninished; 

ne ex. and the oviii i» mare dilated when the earth is in perigee than it 

pnuion for ^ contracted fohen the earth is in apogee. In other words, the 

IIm mean nu 

dial foraa is mean dilatation of the lunar orbit is greater, and the mean 
not tho tnie motion of the moon less, in proportion as the earth's orbit is 
more eccentric. 

The less the value of ^^ the greater is the moon's mean 

motion^ and that value is least when a is greatest. But a 
would have no variation of value if the earth's orbit were 
circular. 

The earth's orbit, however, is eccentric, and in the course 
of a year the value of the radial force is exaetiy expressed 

by ^-^ only at two instants of time, when the earth passes 

the extremities of the shorter axis of its orbit. At all 
other times a is either greater or less than its mean 
value, and the variations are equal on each side of it; that 
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is, a becomes (a — d) or (a -{-(/), and the radial foree is chaj.it . 
really 

rS rS 

2(«-^)^ ^ 2(o-H)> ' 

which expressions correspond to equal distances on each side ^* *"• 
of the mean distance, and d may have all values £rom to ^f t^e radial 
ae, the eccentricity: The mean value of the radial force fi»o«* 
cwresptmdxng to the whole year^ is equal to 

1/ \r8 \rS \ 

O, rS/_i 1 \ 

' 4\(a— d)»"^(«-|-rf)»/' 

Bat this expression is ciwaiue greater than ;r-~, except The mean 

'^ 2a9 ^ valne of the 

when c^= ; then it is the same» as any algebraist ean verify. '^'^ ^ 
Hence the mean radial force for the whole year is greater of au when 
as the earth's orbit is more eccentric, and it will be least of ^^. **^'' 
all when that orbit becomes ^a oirek; and then, and then oiJ^ie. 

only, it win be accurately represented by ^-, 

But when the radial foree is leasts the mean motion must 
be greatest, and that feroe is less and less as the eccentricity 
of tiie earth's orbit becomes less and less^ and corresponding 
thereto the moon's motioii becomes greater and greater, a$ 
hoi been the case for more than 4000 years, 

( 186. ) The mean distance between the earth and sun re- '"m »«»• 
mains constant. It must be so from the nature of motion, ^f^^*^ 
force, action, and reaction ; but by the attraction of the city of the 
planets the eccentrieitf of the earth's orbit is in a state of per- •*^'* •**'• 
petual change ; the change, however, is esscesswefy slow. From 
the earliest ages the eccentricity of the orbit has been dimin- 
ishing; and this diminution will probably continue until it is 
annihilated altogether, and the orbit becomes a circle; after * 

which it will open out in another direction, again become ec- 
centric, and increase in eccentricity to a certain moderate 
amount, and then again deereaae. « 

14 
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< ^"^'^ ' The period for these vitraHons, « though calculable, has never 

The im. heen eakulated farther than to satisfy us that it is not to be 

"™p^. reckoned by hundreds or even by thousands of years." It is a 

dine to the«« period SO long that the history of astronomy, and of the whole 

•^'^•' human race, is but a point in comparison. 

The moon's mean motion will continue to increase until the 

earth's orbit becomes a circle; after which it will again decrease^ 

corresponding with the increase of a new eccentricity. 

mati^oftt!i (^^'^- ) ^^^ *^® 8ake of simpHcity, we have thus far con- 

lanw orbit sidcrcd the moon's orbit to be in the same plane as the 

«*kott into earth's orbit; but this Is not true; ike mean inclination of the 

lunar orbit to the ecliptic is 5^ 8', varying about 9' each way, 

according to the position of the sun. 

Owing to this inclination of the lunar orbit, the ezpiessions 
which we have obtained for the tangental force need cor- 
rection, hj multiplying them hy the cosine of the incHnaHcn; 
and for the effect of the same forces in a perpendicular 
direction to the moon's longitude, multiply them by the sine 
of the incUnaiion of the oihit, 

•The position of the moon's oxbit, in rebtion to the sun, is 
strictly analogous to the ring in relation to the disturbing 
body D (Art. 176) ; the sun is constantly urging the moon 
into the plane of the ediptic, which has a constant tendency 
to diminiflh the inclination of the lunar orbit ( except when 
the sun is in the positions of the moon's nodes) ; and this con- 
stant force urging the moon to the ediptic, causes the moon's 
nodes to retrograde. 

We conclude this chapter by a brief summary of the prin- 
cipal causes which affect the moon's motitm. 
A nimmaiy ^ Tj^g eccentridty of the earth's orbit ; which gives rise to 
^^ ^. the annual equation of the moon in longitude. 



iH«>«iti«*- 2. The eccentricity of the lunar orbit ; producing the equa- 
tion of the center. 

3. The tangental force; giving rise to the equation caUed 
variation. 

4. The position of the sun in respect to the greater axis 
of the lunar orbit; giving rise to the inequality called evedicn. 

5. The inclination of the moon's orbit. 
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6. The combination of tlie first cause, when difiering from chat. iy. 
its mean state, augments or diminishes ^e result of every 

other — thus making many additional small equations. 

7. The ellipsoidal form of the earth. 



CHAPTER V. 

THE TIDES. 



( 188. ) Thb alternate rise and fall of the surface of the Ctair. ▼. 
sea, as observed at all places directly connected with the Defiattion 
waters of the ocean, is called tide ; and before its cause was ^ **** **™ 
definitely known, it was recognized as having some hidden and 
mysterious connection vnih the moon, for it rose and fell twice CoMection 
in every lunar day. High water and low water had no con- ^ **** 
nection with the hour of the day, but it always occurred in 
about stick an interval of time after the moon had passed the 
meridian. 

When the sun and moon were in conjunction, or in opposi- High tid«s. 
tion, the tides were observed to be higher than usual. 

When the moon was nearest the earth, in her perigee, other 
circumstances being equal, the tides were observed to be 
higher than when, under the same circumstances, the moon 
was in her apogee. 

The space of time from one tide to another, or from 
high water to high water ( when undisturbed by wind ), is 
12 hours and about 24 minutes, thus making two tides in one 
lunar day; showing high water on opposite sides of the earth 
at the same time. 

The declination of the moon, also, has a very sensible influ- Tides ar- 
ence on the tides. When the declination is high in the north, *®^* ^. **** 

. ° declination 

the tide in the n(»rthem hemisphere, which is next to the moon, of tiw moon, 
is greater than the opposite tide; and when the declination of 
the moon is south, the tide opposite to the moon is greatest. ^ diAmiky 
It is considered mysterious, by most persons, that the moon ^ gvp«Hiciai 
by its attraction should be able to raise a tide'on the opposite i 
side of the earth. 
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Chap. t. That the moon should attract the water on the side of the 
earth next to her, and thereby raise a tide, seems rational and 
natural, but that the same simple action also raises the oppo- 
site tide, is not readily admitted ; and, in the absence of clear 
illustration, it has often excited . mental rebellion — and not a 
few popular lecturers have attempted explanations £rom false 
and inadequate causes. 
The tim But the true cause is the sun and moon's attraction; and 

until this is clearly and decidedly 
Fig. 41. understood — not merely assented 

to, but fully comprehended — it is 
impossible to understand the com- 
mon results of the theory of gra- 
vity, which are constantly exem- 
plified in the solar system. 
We now give a rude, but strik- 
^ ing, and, we hope, a satisfactory 

explanation. 
A nuBBkiry Couceive the frame- work of the 

^I^^^" earth to be am inflexible solid, as it 

really is, composed of rock, and in- 
capable of changiDg its form under 
any degree of attraction ; conceive 
also that this solid protuberates 
out of the sea, at oppoate points of 
the earth, at A and jB, as repre- 
sented in Fig. 41, A being on the 
side of the earth next to the moon^ 
m, and B opposite to it. Now in 
connection with this solid con- 
ceive a great portion of the earth 
to be composed of water, whose 
particles are inert, but rea^y 
move among themselves. 
The solid A B cannot expand under the moon's attrac- 
tion, and. if it move, the whole mass moves together, in virtue 
of the moon's attraction m its center of grawiy. But the 
particles of water at a, being free to move, and being under a 
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more powerful attraction tlian the solid, rise toward A, pro- oi>. ▼ . 
ducing a tide. 

The particles of water at b being less attracted toward m 
than the solid, will not move toward m as fast as the 
solid, and being inerty they will be» as it were, left behind. 
The solid is drawn toward the moon more powerfully than the 
particles of water at b, and sinks in part into the water, but 
the observer at B, of course, conceives it the water rismg up 
on the shore (which in effect it is), thereby producing a 
tide. 

(189.) The mathematical astronomer perceives a strict Aaiiacr 
analogy between the analytical expressions for the tides and i J^**' 



the expressions for the perturbaUons of the lunar motion. 

What we have called the radkd /oree^ in treating of the ^ "^^^ 
lunar irregularities, is the same in its nature as the force that ooms. 
raises the tides ; the tide force is a radial force, which dimi- 
nishes the pressure of the water toward the center of the 
earth under and opposite to the moon, in the same manner as 
the radial force diminishes the gravity of the moon toward 
the earth in her sycigies. 

In Art. 179 we found that the radial force for the moon, at ^bn ndiai 

2rS fcio» •« ap- 

the syzigies, is expressed by — ^ ; in which expression S is ?u»^ *• **>• 



the mass of the sun, a its distance from the earth, and r the 
iradiuB of the lunaar orbit. 

The same expression is true for the tides, if we change S to c<»^»rt^ 
m, the mass of the moon, and conceive a to represent the dis- passion for 
tance to the moon, and r the radius of the earth. For the ^« ^^^•*' 

tides, then, we have — —, and as the numerator is always oon- 

vtant, the variation of the tides must 'correspond to the cube 
of the inverse distance to the moon. 

( 190.) The sun's attraction on the earth is vastly greater V*]"** '^ 
than that of the moon ; but by reason of the great distance tid«nd. 
to the sun, that body attracts every part of the earth nearly 
alike, and, therefore, it has much less influence in raising a 
tide than the moon. 
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Chap. V . From a long course of observations made at Brest, in 

obsenratioM France, it has been decided that the medium high tides, 

atBnit. ^ijen the sun apd moon act together in the syzigies, is 

19.317 feet; and when they act against each other (the 

moon in quadrature), the tides are only 9.151 feet. Hence 

compws- the efficacy of the moon, in producing the tides, is to that 

live inflnen. ^ , _ _ ^ jVio r ^o 

ceaofthesmi 0* t*^® ^^^* ^^ ^'^^ number 14.23 to 0.08. 

and moon. Among the islands in the Pacific ocean, observations give 
the proportion of 5 to 2.2, for the relative influences of these 
two bodies ; and, as this locality is more favorable to accu- 
racy than that of Brest, it is the proportion generally taken. 
Having the relative influences of two bodies in raising the 
tides, we have the relative masses of those two bodks, pro- 
vided they are at the same distance. But by the expression 
for the tides, as we have just seen, the variation for distance 
corresponds with the inverse cube of ^the distance, and the db- 
tance to the sun is 397.2 times the mean distance to the 
moon. Hence, to have the influence of the moon on the 
tides, when that body is removed to the distance of the sun, 
we must divide its observed influence by the cube of 397-2. 
Musoftho rpj^^^ ' ^^ miiSA of the moon is, to the mass of the sun, as 



pnted. O 

the number^ to the number 2.2. 

In all preceding computations we have called the mass of 
the earth umJty^ and in relation thereto, the mass of the sun is 
354945 ( Art. 169 ). Let us represent the mass of the moon 
by m, then we have the following proportion : 

Ti««.nit. m : 354945 : : ^^^ : 2.2. 

This proportion makes the mass of the moon a little less than 
■^ ; but I have little confidence in the accuracy of the result, 
as the data, from their very nature, must be vague and in- 
definite. 
Tho timei ( 191.) The time of high water at any given point is not 
ter ^dSorent commouly at the time the moon is on the meridian, but two 
in different or three hours after, owing to the inertia of the water ; and 
locautiea. pjaces, uot far from each other, have high water at Yery dif- 
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{erent times on the same day, according to the distance and c?"^* ▼• 
direction that the tide wave has to undtdate from the main 
ocean. 

The interval between the meridian passage of the moon 
end the time of high water, is nearly constant at the same 
place. It is about fifteen minntes less at the syzigies than 
at the quadratures; but whatever the mean interval is at 
any place, it is called the estMishmml of the port. 

It is high water at Hudson, on the Hudson river, before The udei 
it is high water at New York, on the same day; but the tide iJljUy^^i!.^ 
wave that makes high water one day at Hudson, made high on Um nmo. 
water at New York the day before; and the tide waves that "^ ®^ ^^ 
make high water now, were, probably, raised in the ocean 
several days ago; and the tides would not instantly cease on 
the annihilation of the sun and moon. 

The actual rise of the tide is very dififerent in different Tides veiy 
places, being greatly influenced by local circumstances, such JJJ^ . j^^ 
as the distance and direction to the main ocean, the shape oinram- 
of the bay or river, &o., &c. 

In the Bay of Fundy the tide is sometimes fifty and sixty 
feet ; in the Pacific ocean it is about two feet ; and in some 
places in the West Indies, it is scarcely fiftTeen inches. In 
inland seas and lakes there are no tides, because the moon's 
attraction is equal over their whole extent of surface. 

The following table shows the bight of the tides at the 
most important points along the coast of the United States, 
as ascertained by recent observation. 

Fe«t. 

Annapolis (Bay of Fundy), 60 

Apple River, 50 

Chicneito Bay (north part of the Bay of Fundy) 60 

Pasaamaqtioddy River, 25 

Penobscot River, 10 

Boston, 11 

Providence, R. I., 5 

New Bedford, 5 

New Haven, 8 

New York, , 5 

Cape May, 6 

Cape Henry, 4|^ 

B 
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CHAPTER VI. 

PLANBIABT PBRTUBBATI0N8 . 

Chap, yi . ^ ^92,) T|je perturbatioDB of a planet, prodaoed by the at- 
FiMi«twy tractions of another planet, are precisely analogooa to the per- 

pertnrba. tnrbations of the mooni produced by the action of the snn. 

tioat Aoaio- The disturbing forces are of the same kind, and they are 

*'*^' subject to similar variations from precisely the same eauses. 

But the amount of the disturbances is, in most cases, very 
trifling, on account of the small mass of the disturbing planet 
compared with the mass of the sun, or its great distance from 
the body disturbed. 
Aetion and As actlou And reaction are everywhere equal, the planets 

oBgiiwpiim' mutually disturb each other, and if one is accelerated in its 
motion, the other must be retarded; if the tendency of one to- 



^' ward the sun is diminished, that of the other must be increased. 

Examine Fig. 23, and conceive V, Yenus, to be disturbed 
by the attraction of the earth at £, and if the motion of the 
planets is in the direction of FjS, it is perfectly clear that 
Venus will be accelerated by the earth, and the earth will be 
retarded by Venus. 
One planet But Veuus wiU be more accelerated in its motion than the 

ed I^e w- ®^^^ ^^ ^^ retarded, for the disturbance at this point is in 

other ii xe. a line with the motion of Vrans, and not in a line with the 

*^**' motion of the earth. 
When the After Vcuus passcs conjunction, that is, passes the varying 

^^^ ^ line SJS, her motion becomes retarded, and the earth's is ac- 
celerated; but every moHcn of the earth we ascribe to the sun; 
and in all modem solar tables, the corrections of the sun's 
longitude corresponding to the action of Vewus, Mars, Ju* 

nevathjuo-P^^ ^ ^^f^oou, &C., are Simply ike effect that these bodies 

lar pertiuba- have ou the motion of the earth. 

uons. rpjj^ direct effect of any of these bodies on the position of 

. the sun is absolutely insensible. 

The relative disturbances of two planets ore redproeal to 
their masses; for if one is double in mass of another, the 
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greater mass will move bat half as far as the smaller, under Cha». ti. 
their mutual action^ But when the amount of disturbance is 

Angnlurir* 

referred to angular motion for its measure, regard must be regniadtiea 
had to the distances of each planet from the sun ; for the »dicaie the 
same distance on a larger orbit correspimds to a less angle.^ ^neLy ^ 
Also, the whble amount of the disturbing force of a superior dinarbMoe 
planet on an inferior wiU, at times, be a tangental force ^^J^^o^" 
( Fig. 28 ) ; but the reaction of the inferior planet on the su- 
perior can never be in a tangent directly with» or opposed to, 
the motion of the superior. 

If obserrations can give the mutual disturbance of any two 
planets, then these circumstances being taken into considera- 
tion, an easy computation will give the rdatire masses of the 
planets. 

( 193.) As a general result, the attraction of a superior The gene. 
planet on an inferior, is to increase the time of revolution of ^ ^*^^ !^ 

retpeottotfce 

the inferior, and to maintain it at a greater distance from the times of nv- 
sun than it would otherwise have. The action of the inferior oi^tion. 
is to diminish the time of revolution of the superior; and 
the general effeet ie freatw than It would be, if the inferior 
planet were constantly »tuated at the Stance of the sun. 
(Art. 185.) 

As an illustration of this truth, we say, that if Venus w«re 
annihilated, the length of oiur year, and the lames of revolji- 
tion of all its superior planets, would be a little increased, and 
the revolution of Mercury, its inferior planet, would be a lit- 
tle diminished. If Jupiter were annihilated, the times of re- 
Volution of all its infisrior pkmots would be a little diminished ; 
for it acts as a roML fctee to keep them all a little farther 
from* the sun. 

( 194.) If the orbits of all the planets were oironlar, the ineqnaiiUef 
aocelepation in one part of an orbit would be exactly eompen- j^^^"'*^^"®'' 



bits. 



* Geometry demonstrates, that, on the ayerage of each revolution, 
the proportion in which this reaction will affect the longitudes of the 
two planets, i» that of their masses multiplied by the square roots of 
the ma^or axes of th«r orldts, inversely; and this result of a very in- 
tricate and onrioos calcuJatien is foUy oonfinned by obserration.— > 
HiiuKanL. 
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Chaf.tl sated by the retardation in another; and in the course of a * 
whole revolution, the mean motions of both planets (the dis- 
torber and the disturbed) would be restored, and the errors 
in longitude would destroy each other. But the orbits arc 
not circles, and it is only in certun very rare occurrences 
that symmetry on each side of the line of conjunctions takes 
place ; and hence, in a single reyolution the acceleration of 
od« of ^e- ^°® P^ cannot be exactly counterbalanced by the retarda- 
qaaiitiet de- tiou of the Other; and, therefore, there is commonly left a cer-* 
con^wLoM ^^^^ outstanding error, which increases during every synodi- 
in the sune cal revolution of the two planets, until the conjunctions take 
oSwu*^ ^^ P^**^ "^ opposite parts of the orbits, then it attains its maxi- 
mum, which is as gradually frittered away as the line of con- 
junctions works round to the same point as at first. 
Some of ffence, between eifery two distuMng planets there is a common 
qn^iJities um ^^^^9^^ depending on their m/utual coi^unctionSf in the same, 
minute to be 09* nearly in the same, parts of thdr orbits. But it would be 
noticed. £^jjy ^ compute the inequalities for every two planets, by rea- 
son of the extreme minuteness of the amounts ; for instance, 
Mercury is not sensibly disturbed by Saturn or Uranus; and 
Mars, and Mercury, and Uranus, practically speaking, do not 
disturb each other ; but Jupiter and Saturn have very con* 
siderable mutual perturbations, on account of their orbits be- 
ing near each other, and both bodies far away from the sun* 
The effect ( 195.) Again, if the revolutions of two planets are ex- 
rorate^wTo^ ^^7 commcnsurate with each other, or, what is the same 
lationa of the thing, the mean motion of both exactly commensurate with 
planets. ^j^^ cirde, then the conjunctions of those two planets will al- 
ways occur at the same points of the orbits (just as the con- 
junctions of the two hands of a clock always occur ait the 
same pomts on the dial plate), and, in that case, the conjunc- 
tions will not revolve and distribute themselves around the 
orbits, so that in time, the radial and tavgenial forces will 
have an opportunity to accelerate on one side of the line of 
conjunctions as much as they retard on the other; and, 
therefore, a permanent dercmgemenl would then take place. 



Anipposed 
case for illas- i i . i •* 

traUoo. one planet were exactly equal to twice the mean angular mo- 



For instance, if three times the mean anirular motion of 

case for iUns. ' ^ 
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lion of another, then three revolutions of the one wonid ez- cmaf. ti . 
actly correspond to two of the other, and every second con- 
junction of the two would take place in the same points of 
the orbits ; and the orbits, not being circular, the portions of 
them on each side of the line of conjunctions cannot be sym- 
metrical, unless the longer axes of the two orbits are in the 
same line, and the conjunctions ako taking place on that line. 

Here, then, is a case showing that the disturbing force 
may constantiy d^er in amount on each side of the line of 
conjunctions, and, of course, could never compensate each 
other, and a permanent derangement of these two planets 
would be the result. 

Hence, we perceive, that, to preserve the solar system, it stabOityof 
is necessary that the orbits should be <nrcles, or their times *^*®^*^ 
of revolution incammenBuraltle ; but we do not pretend to say 
that the converse of this is true : we do say, hdwever, that no 
natural cause of destruction has thus far been found. 

( 196.) The times of the planetary revolutions are incomr 
mensuraUe; but, nevertheless, there are instances that ap- 
proach commensurability, and, in consequence, approach a 
derangement in motion, which, when followed out, produce 
very long periods of inequality, called secular variation. The 
most remarkable of these, and one tffhich very much jperplexed 
the asironomers of the last century, is known by the term of 
**theffreat inegwdUy" of Jupiter and Saturn. 
^ '*It had long been remarked by astronomers that, on com- The gnat 
paring together ancient with modem observations of Jupiter ^^'"^'^tor 
and Saturn, their mean motions could not be uniform." The «ad Satun. 
period of Saturn appeared to have been increased throughout 
the whole of the seventeenth century, and that of Jupiter 
shortened. Saturn was constantly lagging behind its calcu- 
lated place, and Jupiter was as constantly in advance of hiB. 
On the othw hand, in the eighteenth century, a process pre- 
cisely the reverse was going on. 

The amount of retardations and accelerations, corresponding tim paw 

to one, two, or three revolutions were not very great ; but, as J*^^^ 

thtiy went on accumulating, material differences, at length, i 

existed between the observed and calculated places of both 

14 E* 
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OtoAP. vt. these planets; and, as sooh differences oovld not then be ao«> 
eonnted for, they excited a high degree of attention, and 
fcMFnied the inbjeet of priae problems ef seyeral philosophical 
societies. 
hap\9o» For a long time these asfconishing facts baffled eyery en«> 
n 'ito « ^^ deayor to aooonnt for them, aod some were on the point of 
deobiring the doctrine of nniyarsal gravity oyerthrown ; but, 
at length, the immortal Laplace came forward, and showed 
the cause of these discrepancies to be in the near oommensu'' 
lability of the mean motions of Jupiter and Saturn; which 
cause we now endeayor to bring to the mind of the reader in 
a dear and emphatic manner. 

( 197.) The orbits of both Jupiter and Saturn are ellipti- 

cal, and their perihelion points haye different loogitades, and» 

therefore, their different points of cosjunetion are at different 

distances fri»n %ach other, and uo Ibe * of c<mjunction cuts the 

two orbits into two equal or symmetrical parts; hence, the 

inequalities of a sin^e syuodioal reyolulion will not destroy 

each other; and, to bring about an equaMty of perturbations^ 

requires a certain period or suoceasion of ccM^unotions, as we 

are %hmt to exiplain. 

The raro- Five reyolulions of Jupiter require 21668 days, «nd two 

IS««d"t «>^ Saturn, 21518 days. So that, in a period of two ,reyok- 

larn eompuw ijous id SatuTu (about siicty ic^ oiur years), alter any efmjunc* 

*^ tion of these two Janets, they will be in conjunetion again not 

many degrees firom whwe the fosmer took place. 
Their iyno. To determine definitely wheve the tlurd meanitoi^uaellon 
uln T^'" ^"^ ^^^ flftoe, we omnpute the sptedioal reyoluticm of these 
ttun«d. two |danets by dividing thecircunafeience of tihe circle in sec- 
onds (1296000) by the d]fferenoe:of the mean daily motion 
of the planets in seconds (178"«6),t and tiie quoijent is 7253.4 
days; three i#mea Urn ^period is 21760 days. In ttiia period 
Jufiter performs -fiye ii^yoiutionB and %^ & oireri fiftturn 
makes two reyolutions and 8^ 6' over; showii^ that the line 

» Line o£ oeajmieUoii, an iniagliiitfy liae <|fawn frpm tbe eon 
thtOQl^h tbe twp i^n«ts when in conjunctidii* 
t See problein of the two couriers, Robinson's Algebra. 
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of conjuQotioii ad^iaQeefl S^ 6' ki longitmde doriiig the period ohap.vi . 
of 21760 days. 

In the year 1800, the longitude of Jnpitier'B perihelion point 
was 11^ 8', and that of Saturn 89° 9'; the kelination of the 
greater axis of the orbits» therefore, was 78^ V. 
Fig; 4a 

Q 




Let ^^. (Fig. 42) represent the major axis of Saturn's The MriM 
orbit, a^ ab that of Jnpitei^; the two are ]>laeed at an angle ^ob/^^.*^ 

of 78®.*. plamedr 

Suppose aiFjr eonjtmetion to tdce place in any part of the 
orbits, as at J 3 (the line JS we ca^ ^ M&e of conjnnc- una of eon. 
tion) ; in 7253.4 days Afterward another oonjtnrotion will take ^^^^ •** 
place. In ataa interval^ however, Satnm will describe about ^ 
243^ in its orbit, at ft mean rate, and Jupiter will describe one 
revolution and about 243^ over, and it will take place as re- 
presented in the %ir^ iAPQ( STB being the direetion of 
the motion). The nesEi conjunction will be 243^ from PQ, or 
at E T. From ^ 2^ the next oonjunctioii will be at « », 8<^ 6' 
in advance of J 8, attd th«Mi the conjunoMon JS { so to spedt) 
will gradually advanee along on the erMt ftom 5to T. 

But» as we ptscmBf by kAqteeliiig the figure, tfa^e is a 



• Wd bare very macfa esafgemisd the eeieeiittSeities of IhM^ eH^ 
•ef» for the purpose of magntfylnf th^prinolplo umlei eoasidonlleii. 
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Certom 
ooqjmiotioiu 
bring tlMpla- 

together than 
moit othen. 



Hie period of 
tUs ramark- 
ahle ine- 
qnality com- 
pniedi .aod 
the compnta- 
tion oonfiim- 
ed by obier- 
▼ation. 



An ezpla- 
natiouofthe 
principle that 
led to the 
disooTeiy of 
Neptnne. 



certaiQ portion of the orbits, between S and T, where the two 
planets wonld eome nearer together in their conjunction, than 
they do at conjunctions generally, and, of course, while any 
one of the three conjunctions is passing through that portion 
of the orbits — Jupiter disturbs Saturn, and Saturn reacts on 
Jupiter more powerfully than at .other conjunctions ; and this 
is the cause of ^* the great ineqwdUy of JupUer and Saturn.^* 

( 198. ) To obtain the period of this inequality, we com- 
pute the time requisite for one of these lines of conjunction 
to make a third of a revolution, that is, divide 120^ by 8^ 6', 
and we shall find a quotient of 14|f , showing the period to be 
14|| times 21760 days, or nearly 883 years; which would be 
the actual period, provided the elements of the orbits re- 
mained unchanged during that time. But in so long a period 
the relative position of the perigee points will undei^o con- 
siderable variation; which causes the period to lengthen to 
about 918 years. 

The wiA xiTnTiTn amount 
of this inequality, for 
the longitude of Saturn, 
is 49', and for Jupiter 
21', always opposite in 
effect, on the principle of 
action and reaction. 

(199.) The last great* 
achievement of the pow-^ 
ers of mind in the solar 
system, was the discovery 
of the new planet iV^- 
tune, by Leverrier and 
Adams analyzing the in- 
P Q equalities of the motion 

of Uranus. To give a rude explanation of the possibility of 
this problem, we present Figure 43. Let S be the son, and 
the regular curve the orbit of Uranus, as corresponding to all 
known perturbations; but at a it departs from its computed 
track and runs out in the protuberance aeb. This indicated 
that some attracting body must be somewhere in the direction 
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SP^ although no such body was ever seen or known to exist. ^^'^•^ ' 
The next time the planet ccmies round into the same portions 
fif its orbit,* suppose the center of the protuberance to have 
ohanffed to the line 8 Q. This would indicate that the un- ^""^ "^"^ 

° pntiUiont 

known and unseen body was now in the line S Q, and that cooid be 
since the former observations it had changed positions by the "»»^ ^^ **»• 
angle FSQ; and, by this angle, and the time of its desorip- ^ 
tion, something like a guess could be made of the time of its 
revolution. 

With the approximate time of revolution, and the help of 
KepWs third law, its corresponding distance from the sun 
can be known. With the distance of the unseen body, and 
the amount that Uranus is drawn from its orbit by it, we can 
approximate to its mass. 

Thus, we perceive, that it is possible to know much about 
an existmg planet, although so distant as never to be seen. 
But the body that disturbed the motion of Uranus has been 
seen, and is called Neptune. 



CHAPTER VII. 

ABEBKATION, NUTATION, AND PBEOXSSION OV THB EQUINOXES. 

(200.) About the year 1725 Dr. Bradley, of the Green- ^f^lT** 
wich observatory, commenced a very rigid course of observa- j .^ '*oi»er- 
tions on the fixed stars, with the hope of detecting their Tations on 
parallax. These observations disclosed the fact, that all the ^ ^^ ^ 

*^ ' , itan for tha 

stars which come to the upper meridian near midnight, have puposa of 
an increase of lon^tude of about 20"; while those opposite, ^^^ *•" 
near the meridian of the sun, have a decrease of longitude of ^unera!icte4 
20" ; thus making an annual displacement of 40". These retnit*. 
observations were continued for several years, and found to 
be the same at the same time each year; and, what was most ^ 

* Lererrier and Adams had not the advantage of a complete revolu- 
;tion of Uranoa. 
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vtL per^dezing, the residts were direedy opponte from waeh as 
would arise from patallax. 

These facts were thrown to the world as a problem demaad- 
ing solotioii» and, for some time, it baffled all attempts at ex- 
planation^; bnt it finaUj oeenrred to the mind of the Doctor, 
that it might be an effect produced bj the pvogressive motion 
of light combined with the motion of the earth ; and, on strieS 
examinatioD, this was Ibnad to be a aatisfaetorir sdiatkm. 

(201.) A person staoid- 
ing stiH in a rain shower, 
when the sain f aUs perpen^ 
dicularly, the drops will 
strike direotlj on the top 
of his head; bot if he 
siarts and rans in any di^ 
fi0cfiQti» the drops will strike 
him in the face ; and the 
effect wonld be the same, 
in relation to the direction 
of the drops, as if the per- 
son stood still and the rain 
came inclined from the di- 
rection he ran. 

This is a fnll illnstration 
of the principle of these 
chan^ in iiie positions 
of the stars, which is caHed 
oberraHon ; bnt the follow^ 
ing explanation is more 
appropriate. 

Ooncezve the rajs of 
light to be of a material 
substance, and its particles 
B A progreonve, passing from 

the star S (Fig. 44) to the earth at J; passing directly 
through the telescope, while the telescope itself moTOS from 
.^ to ^ by the motion of the earth. And if DB is the mo- 
tion of light, and ^i? the motion of the earth, thra the tde^ 
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scope must be inclined in the direction of A Dy to receive the Chap, vg . 
light of the star, and the apparent place of the star would be 
at S', and its tnie place at S and the angle ilPi^ is 20''.36, at 
its maximum, called the angle of aberration. 

By the known motion of the earth in its orbit, we have the 
value of AB corresponding to one second of time : we have 
the angle AJDB hj observation: the angle at j^ is a right 
angle, and (from these data) computing the side BJ) we 
have the velocity of light, corresponding to one second of 
time. To make the computation, we have 

DBiBA:: Rod. : tan. 20".36.* 

But BA, the distance which the earth moves in its orbit xim t«1o- 
Fig. 45. «»^ «^ ^* 

QQ eompntod by 

meaai of ab> 
^ ^ •iration. 



180 m 




4( 



270 



•To obtain the loguithmetic tangent of SlK^aeenoto on pegel3& 
15 
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Chap, vh . in one second of time, is. within a very small fraction of 19 
miles; the logarithm of the distance is 1.278802, and, from 
this, we find that BD must be 192600 miles, the velocity of 
' light in a second ; a result very nearly the same as before 
deduced from observations on the eclipses of Jupiter's moons. 
(Art. 143.) 

The agreement of these two methods, so disconnected and 
so widely different, in disclosing such a far-hidden and re- 
markable truth, is a striking illustration of the power of 
science, and the order, harmony, and sublimity that pervades' 
the universe. 
Aoompn. To show the effects of aberration on the whole starry 
^J^^**^ heavens, we give figure 45. Conceive the earth to be 
of abeira- moviug in its orbit from A to B. The stars in the line AB^^ 
tun. whether at or 180, are not affected by aberration. The 

stars, at right angles to the line A B, are most affected by 
aberration, and it is obvious that the general effect of aberra- 
tion is to give the stars an apparent inclination to that part^ 
of the heavens, toward which the earth is moving. Thu» 
the star at 90 has its longitude increased, and the star op- 
posite to it, at 270, has its longitude decreased, by the effect 
of aberration; both being thrown more toward 180. The ef- 
fect on each star is 20" .36. But when the earth is in the 
oppo»te part of its orbit, and moving the ether way, from O 
to B, then the star at 90 ds apparently thrown nearer to 0; 
so also is the star at 270, and the whole annual variation 
of each star, in respect to longitude, is 40'^72. 
J^^^^' ( 202. ) The supposition of the earth's annual' motion fully 
tion of the explains aberration; conversely, then, the observed v^ations 
*aith. of the stars, called aberration, are decided proofif of the earih^9 
annual moUon. 

In consequence of aberration, each star appears te^ desei^e 
a small ellipse in the heavens, whose semi-major axis Si'20".36,^ 
and semi-minor axis is 20^.36 multiplied by the sine- off the 
latitude of the star. The tme pla<^ of the star is the center 
of the ellipse. If the star is en th# isoUptic, the elHpse,. jiist> 
mentioned, becomes a straight line of 40^^72 in length 
If the star is at either pole of the ^pt|a^ the ellipse be- 
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comes a circle of 40".72 in diameter, in respect to a great CHAP.vn 
circle ; but a circle, however small, around the pole, will in- 
clude all degrees of longitude ; hence it is possible for stars 
very near either pole of the ecliptic, to change longitude 
very considerably, each year, by the effect of aberration ; but 
no star is sufficiently near the pole to cause an apparent revo- 
lution round the pole by aberration ; and the same is true in 
relation to the pole of the celestial equator. 

AU these dlipees have their l&nger axisparaUd to the ediptic, 
and for this reason it is easy to compute the aberration of a 
star in latitude and longitude,* but it is a far more complex 
problem to compute the effects in respect to right ascension 
and declination.* 

( 203. ) The aberration of the sun varies but a very little, Aberration 
because the distance to the sun varies but little, and without ^ ^'^' 
material error, it may be always taken at 20".2, subtractive. 
The apparent place of the sun is always behind its true place 
by the whole amount of aberration ; but the solar tables give 
its apparent place, which is the position generally wanted. 

In computing the effect of aberration on a planet, regard 
must be had to the apparent motion of the planet while light 
is passing from it to the earth. 

The effects of aberration on the moon are too small to be The moom 
noticed, as light passes that distance in about one second of ■*** »ff«oted 

.• by abeira- 

( 204. ) While Dr. Bradley was continuing his observa- other iae- 
tions to verify his theory of aberration, he observed other ^^^*^ p^' 
small variations, in the latitudes and declinations of the stars, Bradley, 
that could not be accounted for on the principle of ab- 
erration. 

The period of these variations was observed to be about 

*Ai. . T — 20".36cos.(Sw) 

*Aber. m Lon. = ^ ; 

cos. I 

Aber. in Lat. «= 20".86 on. (^--s) sin. I 

In these expressions /S^ represents the longitude of the sun, 
# the longitude of the s^ar, and I its latitude. 

s 
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Chap, v n. the same as the revolution of the moon's node, and the 
amount of the variation corresponded with particular situa- 
tions of the node ; and, in short, it was soon discovered that 
the cause of these variations was a slight vibration in the 
earth's axis, caused by the action and reaction of -the sun and 
moon on the protuberant mass of matter about the equa- 
tor, which gives the earth its spheroidal form, and the effect 
itself is called Nutation. 

Fig. 4& 



m 




P 

* * * 

♦ « 4c 

* 



Motttion ( 205.) We have shown, in Art. 176, that the attraction 
•dbytiMUM. of a body, m, on a ring of matter around a sphere, has the 
mj of gnTi- effect of making the plane of the ring indine toward the at- 
^* tracting body. 

Let B O, Fig. 46, represent the plane of the equator; uid 
conceive the protuberant mass of matter, around the equator, 
to be represented by a ring, as in the figure. Let m be the 
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moon at its greatest declination, and, of course, without the cbap. vn. 
plane of the ring. 

Let P be the polar star. The attraction of m on the ring 
inclines it to the moon, and causes it to have a slight motion 
on its center ; but the motion of this ring k the motion of the 
whole earth, which must cause the earth's axis to change its 
position in reUtion to the star P, and in relation to all the 
stars. 

When the moon is on the other side of the ring, that is^ 
opposite in declination, the effect is to incline the equator to 
the opposite direction, which must be, and is, indicated by an 
apparenit motion of all the stars, 

A slight alternate motion of all the stars in dedinaiion, cor- 
respondinff to ^ declinations of the sun and moon, was care^ 
folly noted by Dr. Bradley, and since his time has been fully 
verified and definitely settled: this vibratory motion is 
known by the name of mdoAum, and it is fully and satisfac- 
torily explained on the principles of universal gravity ; and 
conversely, these minute and delicate facts, so accurately and 
oompletely conforming to the theory of gravity, served as one 
of the many strong points of evidence to establish the truth 
of that theory. 



( 206.) By inspecting Fig. 46, it will be pferceived that ■">• 
when the sun and moon have their greatest northern declina- mutation a- 
tions, all the stars north of the equator and in the same hem- laitnted fagr 
sphere as these bodies, will incline toward the equator ; or all ^-^^ 
the stars in that hemisphere will incline southward, and those 
in the opposite hemisphere will incline northward; the amount 
of vibration of the axis of the earth is only 9".6 ( as is shown 
by the motion of the stars ), and its period is 18.6, or about 
nineteen years , the time corresponding to the revolution of 
the moon's node. When the moon is in the plane of the 
equator, its attraction can have no influence in changing the 
position of that plane ; and it is evident that the greatest ef- 
feet must be when the declination is greatest. node most be 

The moon's declination is ffreatest when tte longitude of tooonespond 

to the moon's 

the moon's ascending node is 0, or at the first point of Aries, gnutott do> 
The greatest declination is then 28^ on each side of the oiinfttion. 
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Chap. vn. equator; but when the descmding node is in the same point, 
the moon's greatest declination is only 18^. Hence there will 
be times, a succession of pears, when the moon's action on the 
protulferant matter about the equator must be greater than in 
an opposite succession of years, when the node is in an oppo- 
site position. Hence, the amount of Itmar nutation depends 
on the position of the moon's nodes. 

Monthly nn. j^ jg y^jy natural to suppose that the period of lunar nuta- 

tman? * ** *^^^ would be simply the time of the revolution of the moon; 
and sOy in fact, it is; but the correspon^g amount is very 
small, only about one-tenth of a second. This is because half 
a lunar revolution, about 13|- days, while the moon is on one 
side of the equator, is not a sufficient length of time for the 
moon to effect much more than to overcome the inertia of the 
earth ; but, in the space of nine years, effecting a little more 
than a mean result at every revolution, the amount can rise to 
9". 6, a perceptible and measurable quantity. 
The mean ( 207.) The mean course of the moon is along the ecliptic ; 

effiset of ^a j|.g variation from that line is only about five deerees on each 

moon on the *^ 

mass of mat. side; heucc, the medium effect of the moon on the protuberant 
tar aronnd mass of matter at the equator is the same as though the 
« eqna t. ^^^^ ^^^ ^ ^.^^ whilc in the ecliptic. But, in that case, its 
effect would be the same at every revolution of the moon ; 
and the earth's equator and axis would then have an equili- 
brium oi position, and there would be no nutation, save the 
slight monthly nutation just mentioned, which is too small to 
be sensible to observation ; and the nutation that we observe, 
is only an iiiequality of the moon's attraction on the protube* 
rant equatorial ring ; and, however great that attraction might 
be, it woul4 cause no vibration in the position of the earth, 
if it were constantly the same. 
Solar nn. We have, thus far, made particular mention of the moon, 
tation. y^y^^ i^iQTQ is also a sclar nutation : its period is, of course, a 
year ; and it is very trifling in amount, because the sun at- 
tracts all parts of the earth nearly alike; and the short 
period of one year, or half a year (which is the time that the 
unequal attraction tends to. change the plane of the ring in 
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one direction), is too short a time to liave any great effeet.on ^^^' ^^ 
the inertia of the earth. 

The solar natation, in respect to declination, isi only one 



( 208.) Hitherto we have considered only one e£Fect of nu- 
tation — that which changes the position of the plane of the 
equator — or, what is the same thing, that which changes the 
position of the earth's axis ; but there is another effect, of 
greater magnitude, earlier discovered, and better known, re- 
sulting from the same physical cause, we mean the 

PRECESSION OS* THE EQUINOXES. 

We again return to first principles, and consider the mu- Fint prin. 
tual attraction between a ring of matter and a body situated *^^]!^ "J*^ 
out of the plane of the ring; the effect, as we have several 
times shown, is to incline the ring to' the body, or (which is 
the same in respect to relative positions), the body inclines 
to run to the plane of the ring. 

The mean attraction of the moon is in the plane of the *"»« »«»» 
ecliptic* The sun is all the while in the ecliptic. Hence, the ^^ nn^lnd 
mean attraction of both sun and moon is in one plane, the moon are in 
ecliptic; but the equator, considered as a ring of matter sur- ^l^^^^* 
rounding a sphere, is inclined to the plane of the ecliptic by 
an angle of 23^ degrees, and hence the sun and moon have a 
constant tendency to draw, the equator to the ecliptic, and 
actually do draw it to that plane ; and the visible effect is, 
to make both sun and moon, in revolutions, cross the equator 
sooner than they otherwise would, and thus the equinox falls 
back on the ecliptic, called the precession of the equinoxes. 

The annual mean precession of the equinoxes is 50".l of Th«precet. 
arc, as is shown by the sun coming into the equinox, or equinoxes, 
crossing the equator at a point 50'M before it makes a revo- 
lution in respect to the stars. 

Perhaps it is clearer to the mind to say, that the sun is Natural 
drawn to the equator by the protuberant mass of matter ^Jj^^. ** 
around the earth, and, in consequence, arrives at the equator, 
in its apparent revolutions, sooner than it otherwise would. 
But the truth is, that the ecliptic is stationary in position. 
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cbap. vn. and tlie equator, by a Blight motion, meets the ecliptic) whicb 

motion is caused by the attractions of the sun and moon, as 

has been several times explained. 

The true j£ ^^^ moou wcrc all the while in the ecliptic, the preces- 

canse of the siou of the cquinoxcs would then be a comUirUly fiovmg quan- 

precewion of ^^y cqual to 50". 1 for cach year.; but, for a succession of 

the eqniaox- _ . - ■• ,. . 

«,. about nme years, the moon runs out to a greater declination 

than the ecliptic, and, during that time, its action on the 
equatorial matter is greater than the mean action, and then 
comes a succession of about nine years^ when its action is 
less than its mean ; hence^ for nine years, the precession of 
the equinoxes will be rnore than 50'M per year, and, for the 
nine years following, the precession will be leas than 50'M 
for each year ; and ike whole amount of variation, for (Ms ih- 
equality, in respect to longitude^ is 17".3, and its period is half 
a revolution of the moon's nodes. This inequality is called 
the equation of the equinoxes, and varies as the sine of the 
longitude of the moon's nodes. 
Equation The equation of the equinoxes, of course, affects the length 
of the tropical year, and slightly, very slightly, affects side- 
real time. 
Mean and There Is a true equinox and a me(m equinox ; and, as side- 

trae Bi ere ^^^ ^.^^ . mg^ig^^^^ ^.qjq ^]^q meridian transit of the equi- 

time. ^ ^ * 

nox, there must be a trv£ sidereal and a mean sidereal time; 
but the difference is never more than 1.1 s. in time, and, gene- 
rally, it is much less. 
Explanation ( 209.) In the hopc of being more clear, than some authors 
of Fig. 47. j^^^g been, in explainbg the results of precession, we present 
Fig. 47. E represents the pole of the ecliptic, and the. great 
circle around it is the ecliptic itself. P is the pole of the 
earth, 23^ 27' from the pole E, and around P, as a center, we 
have attempted to represent the equator, but this, of course^ 
is a little distorted; t and ^ are the two opposite points 
where the ecliptic and equator intersect; ^E is the first me- 
ridian of longitude ; qp^P is the first meridian of right ascen- 
sion. The angle E<^P is 23° 27', and E P, produced, is the 
meridian passing through the solstitial points. To obtain a 
clear conception of the precession of the equinoxes, the stars 



of the eqni< 
noxei. 
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the ecliptic, and its pole E, must be considered as pix£d, chap. vn 
and the line qp =c= as having a slow motion of 50".l per an- 

Fig. 47. 




J^'roin the 

nnm, on the ecliptic, in a retrograde direction; and this must. fixed poiu 
carry the pole P, around the point JSy as a center, carrying *»<>» ©^ **»• 
also the solstitial points backward on the ecliptic. Some *^,)[* *°f ^^ 
of the stars have proper motions; but, putting that circum- rtan, th« 
stance out of the question, the stars are fixed, and the eclip- *'"* "®^"' 
tic is fixed ; therefore, the stars never change latitude, but tnde. 
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d HAF. viL the whole frame-work of meridians from the pole P, the pole 
itself, and the equator, revolve over the stars; and, in respect 
to that motion of the meridian and the equator, the stars 
change rigM ascension, declination, and longitude, but do not 
change latitude. The stars change longitude, simply because 
the first meridian of longitude, qp E, moves backward; they 
change right ascension, because the meridian, qp P, and all 
the meridians of right ascension, revolve backward. 
One Umi. By inspecting the figure, we readily perceive that all the 
^unT ap. ''^^ ^^^ ^ must, apparently, approach the north pole, be- 
imadMt th« causc the pole, in its revolution round E, is approaching to- 
^'!!th«r«! ward. that part of the ecliptic ; for the same reason, all the 
<«edet from stars near afit are, apparently, moving southward, because the 
^'^ equator is being drawn over them. In short, all the stars, 

from the eighteenth hour of right ascension through qp, to 
the sixth hour of right ascension, must diminish in north po- 
lar distance, and all the stars, from the six hours through asr, 
to the eighteenth hour of right ascension, must increase in 
north polar distance, in consequence of the precession of the 
equinoxes. 
intpMUoB These observations may be cinfirmed by inspecting Table 
* * n, in which is registered the positions of the principal fixed 
stars, with their annual variations. The column of annual 
variation of declination changes sign at the point correspond- 
ing to six hours, and eighteen hours of right ascension ; and 
the rapidity of this variaHon is greater as the star is nearer 
to hours, or twelve hours of right ascension. 
AimnaiTa. y^ea the right ascension of a star is hours, or twelve 
cUnation, bours, it is casy to compute its annual variation in declina- 
how comput. tion, corresponding to its precession along the ecliptic of 
50'M. Conceive a small plane triangle whose hypothenuse is 
60".l, the angle at the base 23<^ 27' 40" (». e. the obKquity 
of the ecliptic ), the side opposite to this angle will be found 
to be a little over 20", corresponding to the figures in the 
table. 
Propormo. It ig thus, by the motion of these imaginary lines over the 
disooTwed. ^^^le concave of the heavens, that the annual variation of 
both right ascension and declination of each individual star 
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in the catalogue is computed and put down ; and if any par- Chaf. vn. 
ticular star does not correspond with this, it is said to haye 
prcper motion ; and it is thus thaijproper motions are detected. 

As F must circulate round £ by the slow motion of 50".l ^"^ ^^^^ 
in a year, it will require 25868 years to perform a revolution; ,ioa. 
and the reader can perceive, by inspecting the figure, why 
the pole star is in apparent motion in respect to the pole, and 
why that star will cease to be the polar star, and why, at the 
expiration of about 12000 years, the bright star, Lyra, will 
be the polar star. 

( 210.) The mean effect of the moon in producing the pre- compwa. 
cession of the equinoxes is, to the mean effect of the sun, as **'• •***^^^ 
five to two. The sun's action is nearly constant, because , 
the sun is always in the ecliptic ; a small annual variation, 
however, is observed. The great inequality of 17".3, corre- 
sponding to about nineteen years, is caused entirely by the 
unequal action of the moon, depending on the lon^tude of 
the moon's ascending node. 

In consequence of this inequality, the pole, P, does not uadnifttoiy 
move round the pole of the ecliptic, JE!, in an even circumfe- motion of the 
rence of a circle, but it has a waving or undulating motion, as ^^J ^" 
represented in this figure; each wave pole of the 

corresponding to nineteen years ; and, ^..r-^^^"^^^ •cUptte. 

therefore, there must be as many of 
them in the whole circle as 19 is con- 
tained in 25868. From this, we per- 
ceive, that the undulations in the fig- 
ure are much exaggerated, and vastly 
too few in number; an exact linear 
representation of them would be im- 
possible. 

( 211.) From the foregoing, we learn that the positions of Mean and 
all the stars are affected by aberration^ precession, and nuia- •!>p«»nt 
tion : the amount for each cause is very trifling in itself, yet, J^, ** * 
in most cases, too great to be neglected, when accuracy is 
required;* and it is as difficult to make computations for a 
small quantity as for a large one, and often greater; and to 
reduce the apparent place of a fixed star from its mean place, 
15 
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Chap. Vit. and its mean place from its apparent place, is one of the most 

troublesome problems in practical astiDnomy. 
G«Benifi>r. The mean place of a fixed star, reduced to the time of ob- 
fy^^ servation, is sufficiently near its apparent place to be con-^ 
sidered the same. The practical astronomer, however, who 
requires the star as a point of reference, or uses it for the 
adjustment of his instruments, must not omit any cause of 
variation; but such persons will always have the aid of a 
NauJUtaL Mmanac^ where general formulae and tables will be 
found, to direct and facilitate aU the requisite reductions. 
impoitftBea (212.) Physical astronomy brings many things to light 
Mtroaomy!^ that would Otherwise escape observation, and some of these 
developments, at first, strike the learner with surprise, and he 
is not always ready to yield his assent. For instance, as a 
general student, he learns that the anomalistic year, the time 
that the earth moves from its perigee to its perigee again, is 
365 d. 6h. 14 m. ; that the perigee is very slow in its motion, 
moves only about 12" in a year, and is subject to but few 
fluctuations. He has also learned that the earth, in its orbit^ 
describes equal areas in equal times; hence, he concludes, 
that the time from perigee to perigee, or from apogee to apo^ 
gee, must be very nearly a constant quantity; but, on con- 
sulting and comparing the predictions to be found in the En- 
glish nautical almanacs, he will find these periods to be (in 
comparison to his anticipations) very fluctuating. They 
differ from the stated mean times, not only by minutes and 
seconds, but by hours, and even days. The investigator is, 
at first, surprised, and fancies a mistake; at least, a miS'^ 
print; but, on examining concurrent facts, such as the lo- 
garithms of the distance from the sun, and the sun's true 
motion at the time, he finds that, if a mistake has been made, 
it is a very harmonious one, and every other ciraumstance has 
been adapted to it. 
tbe lati. But let us tum a moment from these fiictSt and examine 
*.«%^ia?n. *^® first page of our Tables. There it wiU be found, that the 
•d. sun has latitude ; that it deviates to the north and south of 

the ecliptic, by a quantity too amdl ever to he observed : it is, 
therefore, a quantity wholly determined by theory, and> as 
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the sun's latitude clianges with the latitude of the moon, we 
must seek for its cause in the lunar motions. Fig* 48. 

To understand the fact of the sun having 
latitude, we must admit that it is the center 
of gravity between the earth and moon, that 
moves in an elliptical orbit round the aun; 
and that center is always in the ecliptic ; and 
the sun, viewed from that point, would have 
no latitude. But when the moon, m^ ( Fig. 
48 ), is on one side of the plane of the eclip- 
tic, Sc, the earth, ^ would be on the other ^ 
side, and the sun, seen from the center of the 
earth, would appear to lie on the same side 
of the ecliptic as the moon. Bence, the sun x 

ioiU change his Uutxtude, when the moon chauffes ^^^ 

her latitude. £ 

If the moon were all the while in the plane of the ecliptic, 
the sun would have no latitude ( save some extremdy minute 
quantities, from the action of the planets, when not in the 
plane of the ecliptic ) ; but the moon does not devv^te ijaore 
than 5^ 20 from the ecliptic, and, of course, the earth makes 
but a proportional deviation on the other side ; but, in longi- 
tude, the moon deviates to a right angle on both sides, in re- 
spect to the sun, and when the moon is in advance in respect 
to longitude, the sun appears to be in advance also; and 
when the moon is at her third quarter, the longitude of the 
sun is apparently thrown back by her influence : — ^the great- 
est variation in the sxm's longitude, arispg from the motion 
of the earth and moon about their center of gravity, is about 
6" each side of the mean. Now it is this motion of the 
earth around the common center of gravity of the earth and 
moon, that chiefly a£fects the time when the earth comes to 
its apogee and perigee. When the moon is in conjunction 
with the Sim, the center of the earth is farther from the sun 
than it otherwise would be ; and when the moon is in oppo- 
sition to the sun, the earth is about 3200 miles nearer the 
sun than it would be in its mean orbit; and thus, we per- 
ceive, that the longitude of the moon has a great influence in 



Cbav. vn. 



liOiigitiidtt 
of the ma af- 
fected by the 
potitioa of 
the moon. 



LoogitBde 
of the moon 
affects the 
time that the 
earth comet 
to its ^wgee 
and perigee. 
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Chap. vn. bringing the earth into, or preTenting it from coming into, its 
perigee or apogee; but the perigee and apogee pointB,/or ths 
center (fgrawiy, are qnite uniform, agreeably to the views ex- 
pressed in the first part of this article. These explanations 
mQ give a general insight into siDme of the apparent intrica- 
cies of physical astironomy. 
Sniau eqaa. The Small equations of the son's center are computed on 
tioM ©f tiM ^jj^ principle explained by Fig. 48, the sun haying a mo- 



•zpiainod. tion rouud the center of gravity between itself and each 

the planets. For example, the. perturbation produced by Ju- 
piter is greatest when Jupiter is in longitude 90^ from the 
sun, as seen from the earth ; the greatest effect is then about 
8", and varies very nearly as the sine of Jupiter's elongation 
from the sun. 

When Jupiter is in conjunction with the sun, the sun is 
nearer the earth than it otherwise would be; and, on this ac- 
ooimt, we have a small table to correct the sun's distance 
from the earth, called the perturbations ci the sun's distance. 

The same remarks apply^ to other planets but, to avoid 
confusion, the effects of each one must be computed sepa- 
rately. 
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SECTION IV. 
PRACTICAL ASTRONOMY. 



PBXPABATOBt BXMABKS. 

We have now dono with general demonstrations, and with '^^^ 
minute and conseciitiye ^q>Luiation8; but we shall giye all 
necessary elucidation in relation to the particular problems 
under consideration. To go through this part of astronomy 
with success and satisfaction, the reader must have a passa- 
ble understanding of plane and spherical trigonometry; and 
if to these he adds a general knowledge of the solar system, 
as taught in the foregoing pages, he will have a fall compre- 
hension of all we design to embrace in this section. 

To prompt the student in his knowledge of trigonometry, 
we ^ve the Mowing formtdcB : 

L Relatiye to a single arc or angle. 

1. - - - sm. a s= tan. a cos. a.* 

tan. a 

2. - - - sm. a = 



8. - - - cos. a = 



Vl+tan.«a. ' 
1 



Vl-f-tan.«a. 
4. - - - cos. a = 2 COS. * | ch-1. 
sin. a 



• tan. |a= 



6. - - - tan.'|a=: 



1-|hsos. a 

1 — COS. o 



1-f-cos. a 
7. - - - rin. 2a=2 sin.aco8.dk 



• Radini ig unity in all thwe equations. 
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8. - - COS. 2a=2 COS. ^a — 1=1— 2 sin. «o. 

n. Relative to two arcs, a and b, of which a is supposed 
to be the greater. 

9. - sm. (a-f-*)=8in. a cos. J+si^- ^ cos. a. 

10. - cos. (*a-|-6)=cos. a cos. b — sin. a sin. 6. 

11. - sin. (a — d)=sgin.a cos. b — sin. b cos. a. 

12. - COS. (a — d)=co6. a cos. ^sin. a sin. 6. 
Sum of (9 ) and ( 11 ) gives 13, diff. gives 14. 

18. - sin. (a+d)4-«in. (a—*) =2 sin. a cos. 6. 
14. - sin. (a-(-^) — sin. (a — J)=2 cos. a sin. 6. 



16. - tan.(a-H) 
16, - tan. (a— i) 



17. 



18. 



19. 



flin. a-i-sin. b 
sin. a — sin. b 

tan.a^-tan. b 
tan. a — tan. b 

■ 1+tan. b 
1 — tan. b 

1 — ^tan. b 
l+tanT* 



tan. a-|-;tan. b 

1 — ^tan.a tan. b,' 

tan. a— tan. b 

l+tan. a tan. 6' 

__ tan. I (fl-f-5) 
^tan. ^ {or—b)' 

_sin. (a-f.5) 
sin. (a — b)' 

=tan. (450-W). 
=tan. (45°-^). 



We shall, probably, make an application of the following 
theorem ; it applies to finding the unknown angles of a tri- 
angle, when the hgainthms of two sides (not the sides them- 
selves) and the angle included between the sides are given. 

The greater of two aides of a pUme trioangU ie, to the le$8, 
ae radius to the tange/ni of a certedn angle. Take tkU angle 
from 45^, and call the d^erenoe a, LasUy, radius is to the 
tangentj a, as the tangent of the half sum of (he angles at the 
base is to the Umgerd of half thew difference, 

m. Besoltaion of right-angled spherical triangles. 

In the following equations, h is the hypothenuse, s a given 
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aide, a a given angle, and x the quantity sought. (The right tu0. 
angle is unity, and always gLY&n.} 



Given, 
h 
and 
a 

h 
and 

9 



8 

and 
a 
opposite, 



8 

and 



Required, 
side op. a 
side adj. a 
the other angle 

the other side 
ang. adj. 8 
ang. op. 8 



Solution. 

20. on. jr=:sin. h sin. a, 

21. tan. fl;=tan. h cos. a. 

22. cot. a;^cos. h tan. a. 

28. COS. «« 

COS. 8 

24. COS. a;=tan. 8 cot. h 

OR • sin- * 

26. sin. «=-: — r 

sin. A 



26. sin. i 



sin. « 
"sin. a 



the other side, 27. sin. xssiaah 8 cot. a 
the other ang. 28. sin. x=- 



the other side, 
the other ang. 



adjacent, 

The ( h 

two ^des. ( 



cos. 8 . 

29. cot. a;=cos. a cot. 8 

30. tan. d;=:tan. a sin. « 
81. cos. x=^mn. a cos. «. 



the angles. 



82. COS. a;3=co8. « COS. other side 

83. cot. fl;=sin. adj* sideX^ot. 

[opp. side. 

IT. Eesolution of oblique angled spherical triangles. 
. Let A B and be the three angles of any spherical triangle, 
and ah and Q the sides opposite to them respectively, that is, 
the side a is opposite to A^ &c. 

In sphencoL trigommetry^lhe sines of the angles aire propcT^ 
tianal to the sines of the opposite sides, 

sin. A mn,B sin. (7 
sin.c 



Therefore 34. 



sin. a 



sin. 5 



GHven the three sides ahe; 
Required one of the angles, A. 

sin. (s — li) sin. (j 



85 



16 



sin. 6 sin.c 
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Tuo. 



36.- - Coi.'M= '^-^'^-^"^^ 
sin. b sin. c 



In 35 and 36, 



2S=a+b+c. 



CHAPTEK I. 



▲STBONOMIOAL PB0BLBM8. 



PBOBLEM I. 

Chap. I. GUvm the right ascennon and declination of any heavenly 
hody^to find its latitude and longitude ; or conioersely, given the 
laHiude and longitude of a body to find its corresponding ri^hi 
ascension and dedination. 

From any point as a center 

(Fig. 49) describe a circle Q 

EP^, &c. Let tliis circle 

represent the meridian, which 

passes throngh the pole of the 

, ecliptic E, the pole of the 

Y^ earth's axisP, and through the 

solstitial points sg and V5>. 

Then the point Aries ( ^ip) will 

be at the center of the circle^ 

and yy qp 2S and Q^q will be 

lines crossing '^ each other by an angle equal to the obliquity 

of the ecliptic. Pp is the celestial meridian which passes 

through the equinoctial points, and is the first meridian of 

right ascension. E '^e^&ih.Q first meridian of longitude, and, 

of course, the angle ^ qp P is equal to the obliquity of the 

ecliptic. 

The figure L^j; ^ ^^ ^\^q position of any celestial body, and draw the 

traniparaiit, meridian of right ascension Psp; also draw the meridian of 

ftad both longitude Es e draw also «ip s. We have now two right-angled 

spherical triangles sD^ and ^ Bs, having a common hypo- 

thenuse ^ s; the first is the right ascension triangle, the 
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second is the longitude triangle. Let the student observe Chat. I. 
that the line Qq represents a circle, the whole equator; and 
the point cp represents, in fact, two points, the degree of 
right ascension and the 180th degree. So the point 8 repre- 
sents two points, and *v D is the right ascension from de- 
gree, or from 180 degrees. 

In our figure, the point « is north of both ecliptic and 
equator ; but it might have been between the two, or south of 
both ; hence, to meet every case, the judgment of the opera- 
tor must be called into exercise to perceive a general 
. solution. 

Now, having the right ascension and declination of «, we 
find its latitude and longitude thus: 

In the triangle opDs, <^ D and Ds «re given, and equa- 
tion .32 gives qp« (A); 33 gives the angle s op D. From 
sop D subtract BopJ)^ the obliquity of the ecliptic, and 
there remains the angle s t B,* 

With the angle s op B and the side op 5, equation 20 
gives sB the latitude, and 21 gives ofjB the longitude. 

EXAMPLES. 

1. The right ascension of a certain point in the heavens is 
5 h. 7 m. 50 s., or in arc 76° 57' 30" ; and its declination is^ 
26° 11' 36" N.: 

WTiat is the latiiude and longitude of the same point ? Fomemia. 

(32.) (33.) *»<>" .~»- 

Ti> 76° 57' 30" cos. 9.353454 - - - sin. 9.988651 i^^t^J"' 
s D 26° 11' 36" COS. 9.952952 - - - cot. 10.308104 
T s 78° 19' 3" cos. 9.306406 26^47' 27"cot. 10.296755 
BcpD .... 23 27 32 
sopB .... 3 19 55 = a 

« In general, take the difierence between the angle 9 op J) i^q^ fj^^ 
obliquity of the ecliptic ; and if the angle sop D is the greater quan- 
tity, the body is north of the ecliptic, otherwise it is soath of it 
When the declination is south, the angle 8 op J) must be added to the 
obliquity of the ecliptic in the first and second quadrants, and sub- 
tracted in the third and fourth. Hence the judgment of the operator 
rniiAt be called in to decide the particulars of the case ; or he must 
have a 'general formula that will give no exercise to the mind. 
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Cmr,l. (20,) (21.) 

(h) 78<^19' 8" am. 9.990911 ttn. 10,684611 

(g) 8 19 56 rin.8J68965 cos. 9.999265 

80 15' 36" on. 8.754876 78 18 6 tan. 10.683876 

Thus we determine that the longitude mnst be 78^ 18' 6", 
and the latitade d"" 15' 36" N. 

2. Ths Umgilude of the moon^ d a certain tkne^ aeeanUnff to 
con^nUation, was 102<^ T; and laiUude 5^ 14' 15" S. : 

What wu Ike corresponding right aeeensUm and declination f* 

R«u- (32.) (88.) 

.luqdMw. (|>£770 53' oos. 0.322019 on. 9.990215 
-^*~*».B 5» 14' 16" COS. 9.998183 oot. 11.037780 

tet nd..tim. <Y> « 77^ 56' 12" 008. 9.820202 5° 21' 27" cot. 11.027995 
^ ;± B^D .. 23 27 42 



priBciplM; 18 6 15 

"t^J^ (20.) (21.) 

P-ipoMi, wt (A) 77® 56' 12" fldn. 9.990302 tan. 10.670170 

S! ^^ (P) ^8 6 15 sin. 9.492400 coa. 9.977948 

nMtto... 17 41 22 sin. 9.482702 77<5 19' 41" tan. 10.648118 

Thus we find that the right ascension distance on the equa- 
tor, from the 180th degree, was 11^ 19' 41"; or its right as- 
cension in arc was 102^ 40' 19", or in time, 6h. 50m. 41s. 

3. By meridian observations on the moony at a certain time, 
its right ascension was found to be 16h. 53m. 33s., and its dedi- 
nation 17^ 51' 36" S. : v^at was its longitude and latitude f 
Ans. Lon. 254° 9' 14", Lat. 4° 41' 12" N. 

ab7 Aua- In the following examples either right ascension and decli- 
iwr of th« q|^|;|qq jj^^ \^^ taken for the data, and the longitude and lati 



lik« 

pkt ou b«tude the sought terms, or conyersely; the longitude and 
found. latitude may be the given data, and the right ascension and 

•As the longitude is more than 9(K> and less than 18(P, the moon i* 
in the second quadrant of right ascension, and 77^ 53' in longitude 
from the equator; and as her Latitude is south, it does not correspond 
to ^9 in the figure, and we give the example to exercise the judg- 
ment of the learner. 
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Aeelination the required terms. A Nautical Almanac will ^^^ 
fonuflb any number of eamHar examples. 



R.A. 
h. m. 8. 



Dec* 



4 15 47 36 16 58156oath, 

6 613 22 18 23 2 north, 

6 112444 145 28 north, 

7 20 28 33 1411 9 south, 



Lon. Lat. 

23814 48 4 80 17 north. 

9310 55 5 423 south, 

17112 40 152 51 south, 

8044715 5 2 23 north! 



PROBLEM II. 

Given the latitude cf ihe place, wnd ike dedinaHon of the sun 
•r star; to Jind the semidiumal are, or the time the sun or star 
wndd remain above the horizon ; and to find its an^itude, or the 
number <^ degrees from the east and ufest points of the horizon, 
where it wiU rise and set. 

To illustrate this problem we draw Figure 50. Let PZB, 
&0., represent the celes- Fig. 50. 

tial meridian -passing 
through the place. Make 
the arc QZ equal to the 
latitude, then ZP will 
equal the co-latitude. 
The line Hh is eyery- 
where 90^ from Z, and 
represents the horizon. 
Pp represents the earth's 
axis, and the meridian 
90^^ distant from the me- 
ridian of the place; Qq 
is the equator. From the points Q and g set off d and <f , 
equal to the declination (north or south, as the case may be) 
and describe the small curcle of declination, dQd", where this 
circle crosses the circle of the horizon JIh is the point where 
the body (sun, moon, or star) will rise or set (rise on one 
side of the meridian and set on the other, both are repre- 
sented by the same point in the projection ). Through P Q 
p desciftbe the mericUan as in the figure, and the right-angled 
q[>herical triangle R Q (7 appears: right angled at B. 



T«blM ftr 
tlM Mmidi. 
wmalaxoMid 
ami»Iitadet 



bythic prob- 
lem. 

Th«ia •>■ 
amples do 
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cb^. In the tnangle B Q C, there is given the side B ©, 
the declination, and the angle opposite B COt which is equal 
to the co-latitude. B C, expressed in time, at the rate of 15^ 
to one hour, will be the time before and after 6 hours, from 
the time the body is on the meridian to the time it is in the 
horizon; and the arc C Q iB ^^^ amplitude. The triangle is 
immediately resolved by equations 26 and 27. 

(27.) Sin. BC = tan. declin. X tan. lat 

/ofl a- n^ ^' dedin. 

(26.; Sui.(70 = -^^j^^; 

Observing that the tangent of the latitude is the same as 
the cotangent of the angle BCQ, and the cosine of the lati- 
tude is the same as the sine ofBCQ, corresponding to a in 
the equation. 

BXAMPLB. 

Ao time ^ ^^ latUude of 40^ N., when the sun's dedinaUon is 20° 
Maniples u, ^'> ^"^^ ^'"^ before and afler six mU U rise cmd set, wad what 

of eonne, «p- yfJU l^ its cmplitude^ 

parent, be- 

ea«e it re- (27.) (26.) 

^\^y 20° tan. 9.561066 sin. 9.634052 

and Lt tTn 40 tan. 9.928813 cos. 9.884254 

•»«*• 17° 47' sin. 9.484879 26° 31' sin. 9.649798 

Thus we find that the arc called the ascenswmal difference^ 
is 17° 47', or, in time, Ih. 11m. 8s., showing that the sun or 
heavenly body, whatever it may be (when not a£fected by 
parallax or rd^raction ), will be foimd in the horizon 7h. 11m. 
8s. before and after it comes to the meridian. 

Its amplitude for that latitude and declination is 26° 81' 
north of east, or north of west, and, if observed by a compass^ 
the apparent deviation would be the variation of the con^pass. 

2. At londm^ in LoA. 51° 82' N., the sun's aimpliiude was 
observed to be 89° 48' toward the north; what was its dedina- 
Hon, and what was the qpparerd Hme of its rising and setting f 
Ans. Sun's declination, 23° 27' 59" N. 

Sun's rising, 8h. 47m. 82s. ; sun*s setting, 8h. 12m. 28s. 
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The amplitude of the sun is frequently observed, at sea, to qbap. i 
discover the variation of the compass ; but, by reason of re- rr — T 
fraction, the results are not perfectly accurate. not taken in. 

From the right-angled spherical triangle (Fig. 50) PZQ,^ teconnt, 
we can compute the time when the sun is east or west in po- time that th« 
sition, and the altitude it must have, when in that position. •»n wonid 
The angle Z is & right angle, P Z is the co-latitude, and ^^^ ^^ 
FQ is the co-decHnation. horiaon 

Equation (23) gives the cosine of Z Q, or the sine of the ''^^^ ^ **• 
altitude of the sun when it is east or west — the latitude and ,,yj« {^ ^.^ 
declination being given — and equation (24) will give the in altitude 
angle or time from noon. ^ **^"** 

We may also find the altitude and azimuth of the sun, at 
6 o'clock, by making use of a triangle formed by drawing a 
vertical through ZsNi OS, the given declination, will be its 
hypothenuse and P (7 A, the latitude, will be the arc of its 
angles. 

By means of right-angled spherical trigonometry, as com- 
prised in the equations from 20 to 33, we can resolve all pos- 
sible problems that can occur in astronomy, pertaining to the 
sphere ; but, for the sake of brevity, mathematicians, in some 
eases, use oblique-angled spherical trigonometry, which is 
nothing more than right-angled trigonometry cambined and 
condensed, 

PROBLEM III. 

Given, the latxtude of the place of observation, Ike sun's de- The nui^ 
dinatian, and Us dUUude ciScne ike horizon, to find its meridian f****»f« 

' . from the me- 

dtstance, or the ttme from cepparent noon. ridian, &■ 

There is no problem more important in astronomy than "•«n»»d 
that of time. No astronomer puts implicit faith in any chro- ^" ^^* 
nometer or dock, however good and faithful it may have snd on the 
been;' and even to suppose that a ohronometer runs true, it ^JJ^,^* 
can only show time corresponding to some particular me- enoe, is the 
ridian: and hence, to obtain local time, we must have some "«""• ^^ 
method, directly or indirectly, of finding the suns distance pusntE 
from the meridian. 

When the center of the sun is on any meridian, it is then 
and there apparent noon ; and the equation of time will be the 
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Obap. I. 

Gnat im- 
portance of 
this problem. 



Diraot me- 
ridiaa obeer- 
rations not 
generally ac- 
curate. 



Proper times 
of observa- 
tion. 



Description 
•f the figure. 



interval to or from mean noon ; but none, save an astronomer 
in an observatory, can define the instant when the sun is on 
the meridian; no one else has a meridian line sufficiently defi^ 
nite and accurate, and with him it is the residt of great care, 
combined with a multitude of nice observations. 

To define the time, then (when anything like accuracy is 
required ), we must resort to observations on the sun's al- 
titude. 

It is evident that the altitude of the sun is greater and 
greater from sunrise to noon, and from noon to sunset the al- 
titude is continually becoming less. If we could determine, 
by observation, exactly when the sun had the greatest alti- 
tude, that moment would be apparent noon ; but there is a 
considerable interval, some ndrmtet, before and after noon, that 
it is difficult to determine, without the nicest observations, 
whether the sun is rising or falling ; therefore, meridian ob- 
servations are not the most proper to determine the time. 

From two to four hours before and after noon (depending 
ill some respects on the latitude), the sun rises and falls most 
rapidly; and, of course, that must be the best time to fix 
upon some definite instant; for every minute and second of 
altitude has its corresponding time from noon; and thus the 

time and altitude have 
a scientific oonnectiony 
which can only be disen- 
tangled by spherical tri- 
gonometry. But we 
proceed to the problem. 
Draw a circle, F Z 
Q H, &c., (Fig. 61), 




representing the meri- 
dian; Z is the -aenith, 
and Z iT is the prime 
vertical; JETA is the ho- 
rizon; Z Q is an arc 
equal to the given lati- 
tude; Q 3 is the equa- 
tor, and, at right angles to it, we have the earth's axis^ P S. 
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Take Ha^ha^ equal to the observed altitude of the 8i]ii« chap. i. 
and draw the small circle, a a* parallel to the horizon, Hh, 
From the equator take Qd, qd, equal to the deolisation of 
the sun, and draw the small circle, dd, parallel to Q^. 
Where these two small circles, aa, dd, intersect, is the posi- 
tion of the sun at the time. 

From Z draw the yertical, Z Q ^ and firom P draw the 
meridian through the sun, P Q S, The triangle P Z Q 
has all its sides given, from which the angle ZP Q can be 
computed ; which angle, changed into time at the rate of 15^ 
to one hour, will give the time from noon, when the altitude 
was taken. If the time, per watch, should agree with the 
time thus computed, the watch is right, and as much as it 
differs is the error of the watch. 



The side Z Q is the complement of the altitude, P Q *""• < 
is the complement of the declination, and P Zib the comple- ^.^'^ ^^ 
ment of the latitude, and equation (35) or (36) will solve poiatt o«t a 
the problem ; that is, find the angle P which can be made ^"^^^* 
to correspond to A, in the equation. But, in place of using 
the complement of the latitude, we may use the latitude it- ' 
self; and, in place of usiog the complement of the altitude, 
we may use the altitude itself; provided we take the cosine, 
when the side of the triangle calls for the sme; foi^ it would 
be the same thing. By thus taking advantage of eveiy cir- 
cumstance, ingenious mathematicians have found a less 
troublesome practical formula than either (35) or (36) would 



be; but we cannot stop to explain the modifications and *^*''"* "*^* 
changes in a work like this; we contemplate doing so intiom to ab- 
a work more appropriate to such a purpose: the student must ^'*^»*'« 
be content with the following practical rule, to find the time ntiom. 
qf day, from the observed aUiiude qf the sun, tcff ether with its 
pdar distance, and the lafyude qf the observer, 

Euijs 1. — Add together the aUxtude, latitude^ and pdar die- Pnctied 
tance, and divide the sum by two. From this half sum subtract \ 
the altitude, reserving the remainder. 

2. — Take the arithmetical compUmerU of the cosine of the lati* 
tude, the arithmetical complement of the sine of the polar distance, 
the cosine of the half sum, and the sine of the remainder. Add 



I iim4 St 
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Ch^' I- these four logarithms together, and divide the sum by two; the 
result is the logarithmetic sine of half the hourly angle. 

3. — This angle, taken from the Tables, and converted into 
time at the rate of four minates to one degree, will be the 
time from apparent noon ; the equation of time applied, will 
give the mean time when the observation was made.* 

* The instrument for taking alti- 
lantMdMx. ^WjmL^ tudes at sea, or wherever the observer 

tant and re- 1tf^/llim ^^^ happen to be, is a quadrant or 

dr'^^enti. W^M\ sextant, according to the number of 




ally the lame /^^TOkA degrocs of the arc. It is made on the 
iattnuieat. // 1 1| \\\\\ principle of reflecting the image of one 

body to another, by means of a small 
mirror revolving on a center of motion, 
carrying an index with it over the arch. Nearly opposite 
to the index mirror is another mirror, one half silvered, the 
other half transparent, called the horizon glass. Directly op- 
posite to the horizon glass is the line of sight, in which line 
there is sometimes placed a small telescope. The line of 
sight must be parallel to the plane of the instrument. The 
two mirrors must be perpendicular to the plane of the instru- 
ment. To be in adjustment, the two mirrors, namely the in- 
dex glass and horizon glass, mtisi be parallel^ when the index 
stands at 0. 

To examine whether a sextant is in adjustment or not, 
proceed as follows : 

1. Is ^ index mirror perpendicular to the plane of thein- 
strument ? 

Put the index in about the middle of the arch, and look 
into the index mirror, and you will see part of the arch re- 
flected, and the same part direct; and if the arch appears 
perfect, the mirror is in adjustment; but if the arch appears 
broken, the mirror is not in adjustment, and must be put so 
by a screw behind it, adapted to this purpose. 

2. Are the mirrors parallel when the index isaiO^ 
Place the index at 0, and clamp it fast; then look at some 

well-defined, distant object, like an even portion of the dis- 
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jgZAMPLS. 

In latitude 39° 46' north, when the son's declination was 
3° 27' north, the altitude of the sun's center, corrected for 
refraction, index error, &c., was 32° 20', rising ; what was 
the apparent time? 



Chap. I. 



Altitude, 


32 20 






Latitude, 


39 46 . 


• COS. comple. 


.114268 


Polar diB., 


86 33 . 


• sine comple. - 


■ .000788 



2)158 39 



79 
32 



19 

20 



30 cosine 



46 59 30 sine 



iZFO 24 50 



30 sine 
2 



9 .267652 



9 .864090 

2) 19 .246798 

9 .623399 



The hourly angle is 49 41 0, which, converted into time, 
gives 3h. 18 m. 44 s., the time from apparent noon, and, as 

tant horizon, and see part of it in the mirror of the horizon 
glass, and the other part through the transparent part of the 
glass ; and, if the whole has a natural appearance, the same 
as without the instrument, the mirrors are parallel; but, if 
the object appears broken and distorted, the mirrors are not 
parallel, and must be made so, by means of the lever and 
screws attached to the horizon glass. 

Z, la the horizon glass perpendicular to the plane of the in- 
strurMnt? 

The former adjustments being made, place the index at 0, 
and clamp it ; look at some smooth line of the distant horizon, 
while holding the instrument perpendicular ; a continued, un- 
broken line will be seen in both parts of the horizon glass ; 
and if, on turning the instrument from the perpendicular, the 
horizontal line continms unbroken, the horizon glass is in frill 
adjustment; but, if a break in the line is observed, the glass 
is not perpendicular to the plane of the instrument, and must 
be made so, by the screw adapted to that purpose. 

After an instrument has been examined according to these 
16 u 
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cha>. l the son wu riamg, it wu before noon, and the apparent time 

was 8h. 41m. 168. 
^ *^L^ ^ ^^ obeerver, with a good instmmenty in jfaTorable cir- 
bj tb« ipuid. enmBtanees, ean define the time, from the cnrn's alUtade, to 
nat within within three or four seconds. 

^Ab utiSeid ^^ '^^ ^^® observer brings the reflected image of the son 
to the horizon, and aJlows for ihedip (Tables p.25). On shore, 
where no natoral horison can be depended upon, resort is had 
to an ari^Seial horizon, which is conmionly a little mercniy 
tnmed out into a shallow yessel, and protected from the wind 
by a glass roof. The sun, or any other object^ may be seen 
reflected from the sorface of the mercury (which, of course, 
is horizontal), and the image, thus reflected, appears as much 
below the natural horizon as the real object is above the hori- 
zon; and, therefore, if we measure, by the instrument, the 
angle between the object and its image in the artificial hori- 
zon, that angle will be double the altitude. 

When mercury is not at hand, a plate of molasses will do 
very well ; and in still, calm weather, any little standing pool 
of water may be used for an artificial horizon. 

Observations taken in an artificial horizon are not affected 
by dip, but they must be corrected for refraction and index 
error, and, if the two limbs of the sun are brought together, 
its semidiameter must be added after dividing by two. 
A praotieii The following example is from a sailor's note book : 

"On the 18th of May, 1848, at sea, in latitude 36«> 21' 
north, lon^tude 54^ l(f west, by accoont, at 7h. 43 m. per 
watch; the altitude of the sun's lower limb was 32^ 61' ris* 
ing; the hight of the eye was eighteen feet, and the index 

directions, it may be considered as m an approximate adjust- 
ment — ^a re-examination will render it more perfect — ^and, 
finally, we may find its index error as follows: — ^measure the 
son's diameter both on and off the arch — ^that is, both ways 
from 0, and if it measures the same, there is no index error; 
but if there is a difference, half that difference will be the in- 
dex error, addidife, if the greatest measure is off the toAf 
subtraotive, if on the ar^. 
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error of the sextant was 2' 12'' additive. What was the er^ Cha>.l 
ror of the watch ?'* 

PKBPA&ATION. 

Time, per watch, - - - 7h. 43 m., monung. Fnparationt 
Longitude, 54° 10', in time, - 3 88 to u mad. 

' Mcording to 

Estimated mean time at Greenwich, 11 h. 21 m. cinvm. 



The declination of the son at mean noon, Greenwich time, 
was 190 3g/ 29" increasing, tiie daUy variation being 13' ; 
the variation, therefore, for 39', the time before noon, was 
21" snbtractive. Henoe, the declination of the snn, at the 
time of observation, was 19^ 38' 8" north, and the polar dis- 
tance 70° 21' 52". 

Observed altitude, - - -' - 32«> 61' 00" 

Index error, ----- -|-2 12 

Semidiameter, -|~ ^^ ^^ 

Kefraction, — 128 

Dip of the horizon, - - - - — 4 13 

True altitude of sun's center, - - 33° 3' 20" 

Altitude, 330 3' 20" 

Latitude, 36 21 00s. complement, .093982 

Polar dis. , 70 21 52 sin. complement, .026013 
2 )139 46 12 

69 53 6 cosine, - - 9.536470 
33 3 20 

36 49 46 sine, - - 9.777770 

2)19.434235 
I hourly angle, 31 25 30 sme, - - 9.717117 

This angle corresponds to 4 h. 11 m. 24 s., or, in reference 
to the forenoon, 7 h. 48 m. 36 s. apparent time. 

On the 18th of May, noon, Greenwich time, the equation ^J 

of time was 3 m. 54 s. subtractive; therefore, the true mean ^«n"t d«J 

time, at ship, was - - - 7Il 44 m. 42 s. fr»nt timet 

Time, per watch, - - - 7 43 at tuo .«.• 

Watch slow, ... 1 42 rate or the 

• wfttchoftnbe 

A short time before this observation was taken, the watch deteiminod. 
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c^^'L yna oompsred with a chronometer in the cabin, which was 
too fast for mean Greenwich time, 19 m. 12.5 s.» according to 
estimation from its rate of motion. The chronometer was 
fost of watch by 3h. 56m. 89 s. What was the lon^tade of 
the ship? 

k. m. f. 

Time of observation, per watch, 7 43 00 
Diff. between watch and chron., 3 56 39 
Time, per ch., at obserTation» 11 39 89 
Chron. fast of Crreenwich time. 19 12 

Greenwich mean time, - 11 20 27 
Mean time at ship, • - 7 44 42 

Longitude in time, - - 8 35 45=:53o 56' west. 

Howtode. The longitude is west, because it is later in the day, at 
^mlaooT Grreenwioh, than at the ship. This example explains all the 
wbatiMr the details of finding the longitude by a chronometer, 
lonfitade is ]gy takiuff advantage of the observations for time on shore. 
How to de. we may draw a mendian line with considerable exactness; 
tannine and for instance, in the last observation (if it had been on land), 
m^diui * in 4 h. 11m. 24 s. after the observation .was taken, the sun 
line. would bc exactly on the meridian ; and if the watch could be 

depended upon to measure that interval with tolerable accu- 
racy, the direction from any point toward the sun's center, 
at the end of that interval, would be a meridian line. Sev- 
eral such meridians, drawn from the same point, from time to 
time, and the mean of them taken, will give as true a me- 
ridian as it b practical to find; although, for such a purpose, 
a prominent fixed star would be better than the sun. 

The problem of time includes that of longitude, and find- 
' ing the difference of longitude between two places always re- 
solves itself into the comparison of the local Hmes, at the same 
instant of absolute time. When any definite thing occurs, 
wherever it may be, that is absolute time. For instance, 
the explosion of a cannon is at a certain instant of absolute 
time, wherever the cannon may be, or whoever may note the 
event ; but if the instant of its occurrence could be known 
at far distant places, the local clocks would mark yery diffe- 
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rent hours and minutes of time; but suxii difference would be cbap. i. 
occasioned entirely by difference of longitude : the event is 
the same for all places — it is VLjpoint in absolute time. 

Thus any angle event marks a point in absolute time. If Abioiou 
the same event is observed from different localities, the diffe- ^^ , 



rence in local time will give the difference in longitude. But eventa. 
a perf^ clock is a noter of events, it marks the event ^ \^^^l 
of noon, the event of sunrise, the event of one hour after eTenu^when 
noon, &c. ; and if *we could have perfect confidence in this j* ™°* *"** 

' ' * ^ batnototner- 

marker of events, nothing more would be necessary to give us wise, 
the local time at a distant place. The time, at the place 
where we are, can be determined by the altitude of the sun, 
or a star, as we have just seen. But, unfortunately, we can- 
not have perfect confidence in any chronometer or clock ; and 
therefore we must look for some event that distant observers 
can see at the same time. 

The passage of the moon into the earth's shadow is such EoUpmi ar» 
an event, but it occurs so seldom as to amount to no practical ^^"^* ^^^ 
value. The eclipses of Jupiter's satellites are such events, absolute 
but they cannot be observed without a telescope of consider- *»"»«» ^«* *"«' 

•^ '■ common pur* 

able power, and a large telescope cannot be used at sea. poses they 
Hence these events are serviceable to the local astronomer "® ®^ ^*"^« 

value. 

only ; the sailor and the practical traveler can be little bene- 
fited by them. The moon has comparatively a rapid motion 
among the stars ( about 13^ in a day), and when it comes to 
any definite distance to or from any particular star, that cir- 
cumstance may be called an event, and it is an event that can 
be observed from half the globe at once. 

Thus, if we observe that the moon is 30® from a particular '"*• "o**®" 
star, that event must correspond to some instant oi ab$dlute ^^^^ t^e 
time; and if we are sufficiently acquainted with the moon, stan^maybe 
and its motion, so as to know exactly how far it will be from ^"^^JJ^ex 
certain definite points (^ stars) at the times, when it is noon, moring 
3, 6, 9, &c., hours at Greenwich, then, if we observe these ">™»J|»°^J* 

' ^ ' ' marking ab- 

events from any other meridian, we thereby know the Green- lointe time, 
wich time, and, of course, our longitude. 

Finding the Greenwich time by means of the moon's angu-- 
lar distance from the sun or stars, is called taJdng a hmar; 

u* 
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cbaf. l and it is probably the onlj reliable Method for loog voyages 
at sea. 

If the motion of our moon had been very dow, or if the 

earth had not been blessed with a moon, then the only 

methods, for sea parposes, would have been chronometers and 

dead rechcmiig. For a practical illustration of the theory of 

Innars, we mention the following facts. 

^" ^'r In a sea jonmal of 1823, it is stated that the distance of 

iutrat«d by the moon from the star Antares was found to be 66^ 87' 8", 

an ezampi*. ^^^^ ^ i^itfval^m, VHtt prcpedy reduced to the center of t^ 

earthy and the time of observation at ship was September 

16th, at 7h. 24m. 44s. p. n. apparent time. 

By comparing this with the Nautical Almanac, it was 
found that at 9 p. m., apparent time at Greenwich, the dis- 
tance between the moon and Antares was 66° 5' 2'\ and at 
midnight it was 67° 35' 31"; but the observed distance was 
betiQreen these two distances, therefore the Greenwich time 
was between 9 and 12 p. h., and the time must fall between 
9 and 12 hours in the same proportion as 66° 37' 8'' falls 
between the distances in the Nautical Almanac; and thus an 
observer, with a good instrument, can at any moment deter- 
mine the Greenwich time, whenever the moon and stars are 
in full view before him. 

The moon, in connection with the stars in the heavens, 
may be considered a public clock (quite an enlargement of 
the town-dock ), by which certain persons, who understand 
the dial plate and the motion of the index, and who have the 
necessary instrument, can read the Greenwich time, or the 
time corresponding to any other meridian to which the com- 
putations may be adapted. 
obMTved The angular distances from the moon to the sun, stars, 
Md**^!!- *^^ planets, as put down in the Nautical Almanac, corre- 
unces u spending to every third hour, are distances as seen from the 
*^*~ *"" center of the earth, and when observations are taken on the 
th« earth, sur&ce the' distance is a little different ; the position of the 
moon is affected by parallaz and refraction, the sun or star 
0,^^^^.^,^^ by refraction alone; and therefore a reduction is necessary, 
dituuMo. which is called dearing the distance. This is done by spheri- 
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cal trigonometrj. The diBtance between the moon and star ^^ba^* i- 
IB observed, the altitudes of the two bodies are also observed. 
The co-altitudes come to the zenith, and the co-altitudes, 
with the distance, form three sides of a spherical triangle, 
from which the angle at the zenith can be computed. Then 
correct the altitude of the moon for parallax and refraction, 
and the star for refraction, and find the true altitudes and co- 
altitudes, and the true co- altitudes and angle at the zenith 
give two sides and the included ^ngle of a spherical triangle, 
and the third side, computed, is the true distance. 

An immense amount of labor has been expended by mathe- 
maticians, to bring in artifices to abbreviate the computation 
of clearing lunar. distances; and they have been in a measure 
successful, and many special rules have been given, but they 
would be out of pUce in a ^irork of this kind. 

PSOPOBTIONAL LOdABITHMS. 

In every part of practical astronomy there are many pro- Propoitionai 
portional problems to be resolved, and as the terms ar« logaiithnu — 
mostly incommensurable, it would be very tedious, in most uon of tbe 
cases, to proceed arithmetically, we therefore resort to loga- ooMtroction 
rithms, and to a prepared scale of logarithms, very appropri- ^4^^^. 
ately called proportumal logarithms. 

The tables of proportional logarithms commonly correspond 
to one hour of time, or 60' of arc, or to three hours of time. 
The table in this book corresponds to one hour of time, or 
3600 seconds of either time or arc. To explain the construc- 
tion and use of a table of proportional logarithms, we propose 
the following problem : 

At a certain titM, the moon^s kcmrfy motion in l&ngitntde teas 
33' 17" ; howmtieh taould it change its longitude in 13m. 23s. ? 

Put X to represent the required result, then we have the 
following proportion : 



m. 


m. 8. 


r If 


60 : 


13 23 : 


: 33 17 : »; 


3600 


: 13 23 : 


; : 33 17 : «. 



Or 

Divide the first and second terms of this proportion by the 
17 
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ch^»I' second, and the third and fourth by the third, then we haye 

3600 ^ , X 
1 : : 1 : 



13.23 •*••-• 33.17 

Diyide the third and fourth terms by Xy and multiply the 
same terms by 3600, and the proportion becomes 

3600 J ^ ^ 3600 3600 



13.23 X 33.17 

Multiplying extremes and means, using logarithms, and re- 
membering that the addition of logarithms performs multipli- 
cation, 

mi. 1. 1 3600 , /3600\,, /3600\ 

Then we have log. -^ = log. (^^^^^^ +log. {^^y 

. By the construction of the table, the prcpofHomL logarithm 

3600 
of 1" is the common logarithm of — 2 — ; of 2" is the com- 

, . . . 3600 . ^„ . 3600 . ^ 3600 
mon logarithm of — g— ; of 3" is — ^, &c., to g— ; 

hence the proportional logarithm of 3600 is 0. 
We now work the problem : 

13 23 - . - p. L. 6516 

38 17 - - - P.L. 2559 

Result, - - 7 25i - - - P. L. 9075 

BnmplH XZAHPLXB VOB PSiuOIIOJt. 

given to U» 

hutrato the 1. When the sun's hourly motion in longitude is 2' 29'^ 
praoticd oti. ^^^ ig i^g change of longitude in 37 m, 12 s.? 

tion.1 logar. AuS. 1' 32".5. 

itiimi. 2. When the moon's declination changes 57".2 in one hour, 

what will it change in 17 m. 31 s. ? Ans. 16".8. 

3. When the moon changes longitude 27' 31" in an hour, 
how much will it change in 7 m. 19 s.? Ans. 3' 21". 

4. When the moon changes her right ascension 1 m. 58 s. 
in one hour, how much will it change in 13 m. 7 s. ? 

Ans. 25".8. 
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N. B. This table of proportional logarithms wiU solve any chap. i. 
proportion, provided the first term is 60, or 3600 ; therefore, 
when the first term is not 60, reduce it to 60, and then use 
the table. 

aXAHPLXS. 

1. If the sun's declination changes 16' 33" in twenty-four Examples 
hours, what wiD be the change in 14 h. 18 m. ? ZTJ^Z 

Statement, 24 : 14.18 :: 16' 33" ^^^^^ 

Or, 12 : 7.09 tional log«r 

Or, 60 : 35.45 :: 16' 33" '*^- 

16' 33" P. L. 5594 
35-45" P. L, 2249 
Ans. 9' 51".5 P. L. 7843 . 

2. If the moon changes her declination 1^ 31' in twelve 
hours, what will be the change in 7 h. 42 m.? Ans. 58'. 

Conceive degrees and minutes to be minutes and seconds, 
and hours and minutes to be minutes and seconds. 

When 60 minutes or 3600 seconds are not the first term of 
a proportion, the result is found by taking the difference of 
the proportional logarithms of the other term for the P. L. 
of the sought term, as in the following example : 

The moon^s hourly moHon from the sun is 26' 30", what 
Hme win it require to gem 30" ? 

Statement, 26' 30" : 60m. : 30" : a? otiw «t 

■mples. 

30" P. L. 2.0792 

60 m. P.L. 0.0000 

Product of extremes, 2.0792 

26' 30" P. L. sub. 3549 

Kesult, Im. 7 s. P.L. 1.7243 

8. The equation of time for noon, Greenwich, on a certain 
day, was 6 m. 21 s. ; the next day, at noon, it was 6 m, 48 s. : 
what was it corresponding to 3 h. 42 m. p. m., in longitude 
74^ west, on the same day ? Ans. 6 m. 29 s. 
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CHAPTER II. 



GENERAL PROBLEM. 

Chap. il Given, the moHons of sun and moon, to determine their dppa- 
A gvBMai rent positions at an^ given time; from which results their ajjpa- 
v^M^n pre* rent relative situations, and the eclipses of the sun and moon, 
^^^^^^ This problem covers two^thircb of the science of astronomy, 
tioMofedip- and includes many minor problems; therefore a brief or hasty 
***' solution must not be expected. 

From the foregoing portions of this work, the reader is 
supposed to have acquired a good general knowledge of the 
solar and lunar motions, and the tables give aU the particu- 
lars of such motions; and all the artifices and ingenuity that 
astronomers could devise, have been employed in forming and 
arranging these tables, for the double purpose of facilitating 
the computations and giving accuracy to the re^ts. 

The tables, m general, must be left to explain themselves, 
and the mere heading, combined with the good judgment of 
the reader, will furnish sufficient explanation, in most in- 
stances ; but some of them require special mention. AU the 
taUes are adt^ted to mean time at Greenwich. 

EXPLANATION OT TABLES. 

A Twy !•• Table TV contains the sun's mean longitude, the longi- 
cwf he"* *^^® ^^ ^*^ perigee (each diminished by 2°), and the Arpu* 
•iTttexpiua-nMitfs* for somc of the small inequalities of the sun's appa- 

tion of the y^^^ nj^^^j^jj^ 
Ubtei. 

EzplaiiKtioii * The term, AMmiMT, in astronomy, means nothing; more than a 

of tho Mim correspondence in qaantities. Thus, each and every degree of the 

*')P">*>'t. gnn's longitude corresponds with a particular amount of declination ; 

and therefore, a table conld be formed for the declinatioii, and the ar^ 

gument would be the sun's longitude. 

The moon's horizontal parallax and semidiameter vary together, 
and each minute of parallax corresponds to a particular amount of se- 
midiameter; hence, a table can be made for finding the semidiameter, 
and the arguments would be the horisontal parallax. But the horl- 
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Argament I, corresponds to tlie action of the moon; Ar- CB^F.n. 
gament II, to the action of Jupiter ; Argament HI, to Ve- 
nus ; and Argument N, is for the equation of the equinoxes, 
and corresponds with the position of the moon's node ; and, 
by inspecting the column in the table, it will be perceived 
that the argument runs round the circle in a little more than 
eighteen years, as it should ; and thus, by inspection, we can 
obtain an insight as to the period of any argament in the 
solar or lunar tables. 

The object of diminishing the mean longitude and perigee Bzpiaaati<m 
of the sun by 2^, is to render the equation of the center al- **^ j^* "^^ 
ways additive ; for if 2^ are taken from the longitude, and 2^ 
added to the equation of the center, the combination of the 
two quantities will be the same as before; and, as the equa- 
tion of the center is always less than 2^, therefore, 2^ added 
to its greatest wxmu value, will give a positive result. By 
the same artifice all equations may be rendered always posi- 
tive. The 2^, taken from the mean longitude, are restored by 
adding 1° 59' 30" to the equation of the center, and 10" to 
«ach of the other equations ; hence, to find the real equation 
of the center corresponding to any ^gree of the anomaly, 
subtract 1^ 59' 3" from the quantity found in the table. 

Table XII, shows the time of the mean new moon, &o., 
in January, diminished by fifteen hours, to render the correc- 
tions always additive. The fifibeen hours are restored by add- 
ing 4h. 20 m. to the first equation, 10 h. 10 m. to the second, 
10 m. to the third, and 20 m. to the fourth. 

Argument I, corrects for the action of the sun on the lunar 

lontal parallax and semidiameter of the moon depend (not solely) on the 
moon's distance from its perigee; hence, a table can be formed giving 
both horizontal parallax and semidiameter; which arguhents are the 
anomaly. In other words, an argument may be called an indkx, and 
when the arguments correspond to points in a circle, or to the diflbr- 
ence of points in a circle, the circle may be considered as divided into 
1000 or 100 parts, then 500, or 50, as the case may be, would corre- 
spond to half a circle, and so on in proportion. This mode of dividing 
the circle has been adopted, with certain limitations, to avoid the 
greater laibor <of computing by denominate numbers. 
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Chat. II. orbit ; Argament II, corrects for the mean eccentricity of the 
lunar orbit ; Argnment EI, corrects for the different combina** 
tiona of the solar and lunar perigee ; and Argument IV, cor- 
rects for the varialion occasioned by the inclination of the 
lunar orbit to the ecliptic; N. shows the distance from or to 
the nodes. 
Tabtot ftd. Ncw and full moons, calculated by these tables, can be de- 
J'^^IJjjII^*'** pended upon within fimr mamtMy and commonly much nearer; 
MoUMoftiM but when great accuracy is required, the more circuitous and 
*^*' ^ elaborate method of computing the longitudes of both sun 
and fiiu and moon must be employed. 

•emato Tablcs XIQ, XIV, and XV, are used in connection with 
Table XH. 

Endaaatiott Table XVI, shows the reduction of the latitude, and also of 
^^j, the moon's horizontal parallax, corresponding to the latitude, 

occasioned by the peculiar shape of the earth, and the dimi- 
nution of its diameter as we approach the poles. TKb tabU 
ia put in thia place because of the convenient apace in thepaffi. 

Table XV 11, and the following tables to No. XXX, contain 

the arguments and epochs of the moon's mean longitude, evec- 

tion, &c., necessary in computing the moon's true place in 

the heaTcns. 

Th« method The argument for evection is diminished by 29'; the ano- 

tiL^tTtol! ™»ly ^y 1° ^^'» *^« variation by 8° 59', and the longitude 

gitad« of the by 9^ 44', and the balances are restored by adding the same 

"^ amounts to the various equations, which, at the same time, 

renders the equation affirmative, as explained in the solar 

tables. 

The arguments in Table xxxri,are also arguments for polar 
distance, or latitude, in Table xxvni. Anything like a minute 
explanation of these tables would lead us too far, and not 
comport with the design of this work. The use of the tables 
will be shown by the examples. 

We have carried the mean motions of the sun and moon 
only to five minutes of time — and this is sufficient for all 
practical purposes — for we can proportion to any interme* 
diate minute or second, by means of the hourly motions. 
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CXAT.IL 

PROBLEM I. 

Prcm the solar taJUes find the 8un*8 longitude, hourly motum 
in longitude, declination, eemidiameter and egttation of time; 
and /or a spec^ example, find these elements corresponding to 
mean time, at Oreenwich, 1854» May 26 d. 8 h. 40 m. 

To find the son's declination, spherical trigonometry gives 
us the following proportion : ( Eq. 20, page 231. ) 

As radius 10.000000 

Is to sm. of O's Ion. (65^ 12' 15") - - 9.957994 
So is sin. of obKq. of the eclip. ( 23° 27' 32") 9.599900 
To sin. declination N., 21° 10' 54" - - 9.557894 

In nearly all astronomical problems, time is reckoned from 
noon to noon — from hour to 24 honrs. 

When the given time is apparent, reduce it to mean time, 
and when not at Greenwich, reduce it to Oreenwich time, by 
applying the longitude in time. — ( This is necessary because 
the tables are adapted to Greenwich mean time. > 

From Table IV, and opposite the given year, take out the 
whole horizontal line of numbers (headed as in the table )^ 
and from Tables Y, VU, Vlll, take out the numbers corre- 
sponding to the . month ^ — day of the month — hour and 
minute of the day, as in the following example. 

Add up the perpendicular columns, as in compound num- ite wulh 
bers, rejecting endre circles in every column, and the sums or ^••■«" 
surplus, as the case may be, wiU give the mean values of all ,m point > 
the quantities for the given instant. ••^^ **■ 

Subtract the longitude of the perigee from the mean Ion- ^^^ 
gitude, and the remainder will be the mean anomaly; whidi is 
the argument for the equation of the center. 

With the respective argoments take out the corresponding 
equations, all of which add to the mean longitude, and the 
tarne longitude of the sun from the mecrn equinox will be found. 

With the argument N* take out the eqiiation of the equi- 

• The reaaon why N ia not applied with the other equation! Is bo- 
eanse it i» MmMtimet negative. 
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c«^'P ' noxes from Table X, and apply it according to its sign, and 
the remilt will be the true longitude from the tme equinox. 



1854 


26d 

8h 

40m 


M. Lon. 


LoiuPerig. 


L 


TL 


m. 


N. 

809 

18 

4 



831 


9 84848 

8 281640 

248828 

1948 

189 


9 8 2529 

20 

4 


078 
59 

844 
11 


998 

801 

68 




902 

206 

48 



151 




987 


862 


Eq. of oeni 


2 2 518 
«r 8642 


9 82568 
2 2 518 


ss Meui anomaly. 


I 10 

n 18 
m 8 


423 39 25: 


Eq.of 
Trnek 


the eq 


2 51281 
ninoz — 16 

2 51215 


Sun's hourly motion in Ion. 2' 24" 
'< semidiameter, ■ 15' 49' 



ptfMM 

udflS. 



pite. To find the equaiUm of time to great accuracy. 

By ^nation 21, page 231, we find o / " 

the sun's B. A., - - - - 68 16 10 

Subtract this from the sun's Ion., - - 65 12 15 

Equatorial point is weet of mean east- 
ward motion by 

From the equation of the center, as 
just found, 

Subtract the constant of the table, 

The sun east of its mean place, - - 1 7 12 (&) 
Subtract ( 5 ) from ( a ) because one 
is east, the other west, and we 
have the arc - - 48' 58" 

This are, converted into time, giyes 8 m. 15.5 s. for the 
equation of time at this instant, and the sun wiQ not come to 
the meridian at mean noon, but 8 m. 15^ s. afterward, 
Hence, to conyert mean into apparent time, in the month of 
May, add the equation of time. 



. P56'5"(a; 



8 6 42 
1 59 80 



Digitized by VjOOQIC 



PRACTICAL PROBLEMS. 255 

Thus, ui general, we oftn detennine the exact amotmt of chap, n . 
the equation of time, by means of the two arcs ( a ) and (5) 
(which are roughly tabulated on page 95), and, without 
strictly scrutinizing each particular case, we can determine 
"whether we are to take the sum or difference of the arcs by 
inspecting the table on page 95, or by referring our results to 
some respectable calendar. 

EXAMPLE. 

2. What will be the sun's longitude, declination, right as- 
cension, hourly motion in longitude, semidiameter of the sun, 
and equation of time corresponding to 20 minutes past 9, 
mean time at Albany, N. Y., on the 17th of July, 1860? 

N. B. At this time the sun will be eclipsed. 

Ans. Lon. 214° 38' 21"; Dec. 2P 12' 48'\ 

B. A., in time, 7h. 46m. 15s. ; Eq. of time to add to apparent 
time, 5m. 46.2s.; hourly motion in Ion., 2' 23"; S. D., 15' 45.6". 

PROBLEM II. 

From Tables XT, XII, and XIII, to find ihe (goproxkneUe Ume 
of new and fuU moons. 

Take the time of new moon, and its arguments, from Table 
XI, corresponding to January of the giyen year, and take 
as many lunations, from the following table, as correspond to 
the number of the months after January, for which the new 
moon is required; add tlie sums, rejeoting the sums corre- 
sponding to whole oircles, in the arguments* and in the column 
of days, rejecting the number corresponding to the expired 
months, as indicated by Table XIII; the sums will be the 
mean new pioon and arguments for the required month. 

When a full moon is required, add or subtract half a luna- Add um 
tion. Sometimes one more lunation than the number of the »»"*»•' »fi»- 

natiou ne« 

month after January, will be required to bring the time to oewaiy to 
the required month, as it occasionally happens that two luna- ^"^ ^« '•- 

^ . ., ., tnlttoUM ra- 

tions oecuSr in the same month. ^p^j^^ ^^^ 

Apply the equations corresponding to the different argu- of year. 

ments taken from Table XIV, and their sum, added to the 

mean time of new or foil moon, will give the true mean time 

of new or fall moon for the meridian of Greenwich, within 

four winutes, and generally within two minutes. 
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Chap. u. For tbe time at any other meridian apply the time corre** 
Bponding to the longitude. 

SXAMPLBS. 

1. Eequired the approximate time of new moon, in May, 
1854, corresponding to the day of the month, and the time of 
the day, at Greenwich, England, Boston, Mass., and Cincin- 
nati, Ohio. 



January. 


Mean 


N. Moon. 


I. 


II. 


III. 


IV. 1 


N. 


1854, 
Four Luna. 

Table XIU. 


27d. 18L 14in. 
118 2 56 


0761 
3284 


1168 
2869 


19 
61 


04 
96 


668 
341 


145 
120 


21 10 


8995 


4087 


80 


00 


009 






May, 

X. 

II. 

m. 

IV. 


25 


21 10 

6 46 

4 14 

17 

20 


N ihowi an ecUfae of the 
ran— Timble in th« United 
State*. 


May. 


26 


8 47 













New i) mean time at Greenwich, - 8 h. 47 m., p. il 
Boston, Longitude, - - - 4 44 

New i) Boston time, - - -.43 
Cincinnati, Longitude from Boston, 53 

New §> Cincinnati time, - - 3 10 

2. Required the approzimate time of full moon, in July^ 
1852, for the meridian of Greenwich, and for Albany time. 
New York. 



Janaary. 


Mean N. Moon. 


I. 


II. 


III. 


IV. 


N. 


1852, 
live Lnna. 
Half Luna. 


20d. llh. 53m. 
147 15 40 
14 18 22 


0549 

4042 

404 


3239 
8586 
5859 


38 
76 
58 


27 
95 
50 


538 

426 

48 


Tab. 18. Bis. 


182 21 55 
182 


4995 


2184 


72 


72 


007 


The colnmn N ihowa that 
the moon is very near her 
node. There will be a total 
eclipw of the moon — ^inviai- 
Ue in the United States. 


July, 
li, 

III. 
IV. 


21 55 

4 21 

42 

17 

10 


July. 


1 8 25 


Mean 


timeai 


■.Qv 


Beam 


ioh. I 
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• 

Fxill • Greenwich time, - - 3h. 25 m. p. M. oha>. n. 

Albany, Longitude, - - - 4 55 

Full • Albany time, - - - . 10 30 a. m* 
Thus we can compute the time of new or full moon for any 
month in any year; but, as the numbers for the arguments 
correspond to mean or average motions, and cannot, without 
immense care and labor, be corrected for the true, variable 
motions, the results are but approximate, as before observed. 

BOLIPSES. 

Eclipses take place at new and fall moons; an eclipse of WhenaoUp- 
the sun at new moon, and an eclipse of the moon at fall ^V^ 
moon; but eclipses do not happen at every new and full 
moon ; and the reason of this must be most clearly compre* 
bended by the student before it will be of any avail for him to 
prosecute the farther investigation of eclipses. 

If the moon's orbit coincided with the ecliptic, that is, if '^^^ •^'^P" 
the moon's motion was along the ecliptic, there would be an ^^^ pi^M 
eclipse of the sun at every new moon, and an eclipse of the eveiy month 
moon at every fall moon ; but the moon's path along the ce- 
lestial arch does not coincide with the sun's path, the 
ecliptic ; but is inclined to it by an angle whose average value 
is 5^ 8', crossbg the ecliptic at two opposite points on the 
apparent celestial sphere, which are called the moon's nodes. 

If the moon's path were less inclined to the ecliptic, there What would 
would be more eclipses in any given number of years than ^ ••••»*»^ 
now take place. If the moon's path were more inclined to what for few- 
the, ecliptic than it now is, there would be feufer eclipses. er ecHpiei. 

The time of the year in which eclipses happen, depends on 
the position of the moon's nodes on the ecliptic ; and if that 
position were always the same, the eclipses would always 
happen in the same months of the year. For instance, if the 
longitude of one node was 30^, the other would be in longi- why an 
tude 30+180, or 210°; and, as the sun is at the first of •*"?" 

, . , rt dionld take 

these pomts about the 20th of April, and at the second about piaM in any 

the 20th of October, the moon could not pass the sun in P«rt*«"i" 
11.. «i.»«*i. 

these months without coming very nearly in range with it, of 

course, producing eclipses in April and October. 

17 V* 
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The figure 
represent* 
the partion- 
lar padit of 
the iirn and 
moon thnnigh 
the he«TeM. 




For a dearer iUustraiion, we 
present Fig. 52: the right lin& 
through the center of the figure, 
represents the equator, the curved 
line TSosfi:, crossing the equa- 
tor at two opposite points, re- 
presents the ecliptic; and the 
curved line 8 f) S represents 
the path of the moon crossing 
the ecliptic at the points Q and 
fi; the first of these points is 
the descending, the other, the as- 
cending node. 

As here represented, the as- 
cending node is in longitude 
about 210°, and the descending 
node in about 30°; which was 
about the situation of the nodes 
in the year 1846, and, of course, 
the eclipses of that year must 
have been, and really were, in 
April and October. 

The sun and moon at con- 
junction are represented in the 
figure a little after the sun 
has passed the northern tropic, 
which must be about the first of 
August; and it is perfectly evi- 
dent that no eclipse can then 
take place, the moon running 
past the sun, at a distance of 
about ^w degrees south ; and at 
the opposite longitude, the moon 
must pass about five degreet 
north. 

The moon's nodes move back- 
ward at the mean rate of 19° 
19' per year; but the sun moves 
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over 19° in about twetrty days; therefore, the eolipses, on ob^^. 
an average, must take place about twenty days earlier each 
year, or at intervals Of about 846 days. 

In May, 1846, the moon's ascending node was in longi- 
tude 216° ; in eight years, at the rate of 19° 19' per year, 
it would bring the same nodeio longitude 61° 28'. The sun 
attains this longitude each year on the 23d of May; there- 
fore, the eclipses for 1854 must happen in May, and in the 
opposite month, November. 

In computing the time of new and fall moons, as illustrated ^"** "•"• 
by the preceding examples, the columns marked N, not hith- laaau N,7n 
erto used, indicate the distance of the sun and moon from t>»*ab]M. 
the moon's node at the time of conjunction or opposition. 

The circle is conceived to be divided into 1000 parts, com- Eoiipieiam 
mencine at the asoendin£; node ; the other node then must ""***•* ^ * 

oerUiin tpftoe 

be at 500 ; and when the moon changes within 37 of 0, or along the 
500, that is, 87 of either node, there must be an* eclipse of ®°"p'*°* 
the sun, seen from some portion of the earth. When the 
^stance to the node is greater than 87, and less than 53, 
there may be an ecMpse, but it is doubtful : we shall explain 
how to remove the doubt in the next chapter. 

When the moon falls within 25 divisions of either 
node, there must be an eclipse of the moon : when the dis- 
tance is greater than 25, and less than 85, the case is 
doubtfal ; but, like the limits to the new moon, the „ 

, , M "I TTT y y» ' \- ' Compamtive 

doubts are easily removed. We repeat, the echpUc htmis number of 
far edipses of the sun are 58 and 87 ; for eclipses of the moon, •oMpiei of 
the limits are 85 and 25. Hence, in any long period of time, , 
the number of eclipses of the sun is, to the number of eclipses 
of the moon, as 58 to 85. 

In the same period of time, say in one hundred years, there 
will be more visible eclipses of the moon than of the sun ; for 
every eclipse of the moon is visible over half the world at 
once, while an eclipse of the sun is visible only over a very 
small portion of the earth ; therefore, as seen from any one 
place, there are more eclipses of the moon than of the sun. 

In the preceding examples the columns N are far within 
the limits, and, of course, there must be an eclipse of the 
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c«^ g* snn on the 26th of May, 1854, and an eclipse of the moon in 
July, 1852. 
Bow w« As N is in value 9, at the time of new moon, in May, 1854, 

know that u , > ji » 

ecUpMoftiM it shows that the moon will then have passed the ascending 
tan wui hap. QoJe, and be north of the ecliptic, and the edipse must be 
MUiofMay, ^^^^'^ on the northern portions of the earth, and not on the 

1854, and SOUthem. 

JJJIJJIjjJ]^ When the moon changes in south latitude, which wiU be 
weiearathat showu by N being a little more than 500, or a little less than 
IliT".^ to ^^^' *® corresponding eclipse, if of the sun, will be visible 
•omo north- on Bome southem portion of the earth, and not visible in the 
em portioaof northern portion: and if of the moon, the moon will run 

tho oaith 

through the southem portion of the earth's shadow. 

Table B9P.3I, shows the moon's latitude, approximately cor- 

what indi. responding to the column N ; or N is the argument for the 

oatat that a latitude, and the heading of the argument columns will 

will be Titi. sl^ow whether the moon is ascending to the northward, or de^ 

Ue on lome goending to the southward. 

uon*^7 A^ The tables from XVI to XVlil, together with the sokr 
earth. tables, will give approximate values of the elements necessary 
for the calculation of eclipses ; and if accuraU rendu are not 
expected, these tables are suffident to present general princi- 
ples, and give primary exercises to the student in calculating 
eclipses ; but he who aspires to be an astronomer, must con- 
tinue the subject, and compute from the lunar tables, far- 
ther on. 

The times, and the intervals of time, between eclipses, de- 
pend on the relative motion of the . sun and moon, and the 
motion of the moon's nodes. The relative motion of the sun 
and moon is such as to bring the two bodies in conjunction, 
or in opposition, at the average interval of 29 d. 12 h. 44 m. 
8 s., and the retrograde motion of the node is such as to bring 
the sun to the same node at intervals of 346 d. 14 h. 52 m. 
16 8. Neglecting the seconds, and conceiving the sun, moon, 
and node to be together at B,njp(nnt of time, and after an un- 
known interval of time, which we represent by P, sup- 

p 
pose them together again. Then qq 10 44 represents the 
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nuinber of returns of the limation to the node in the time chap. n. 
P, and the expression 04^ -14 rq represents ^he number of ^f ^ ^ 

aad BOOB ia 

returns of the sun to the node in the same time. Each re- nution to 
turn of either body to the node is unity; therefore, these ex- »««»*■ *^* 
pressions are to each other as hoo whole numbers ; say as m "^^*' 

to n; that is, ^^ ^^ ^ : 345^^62 =•"* = »> 

r^ » ^ 

^' " (29 12 44)""(346 14 62)' 

Or, - (346 14 62)n=(29 12 44)m - -* - (a) 

n_ 29 12 44 ^ 
^' " f»"346 14 52* ' 

Reducing to minutes, and dividing numerator and denomi- 
nator by 4, we have — = ^^.^oo - ^s t^ 1*8* fraction is ir- 
•^ m 124783 

reducible, and as m and n must be whole numbers to amwer 
the assumed condition, therefore, the smallest whole number 
for m is 124783, and for n is 10631 ; that is, as we see by 
equation (a), the sun, moon, and node will not be exactly to- 
gether a second time, until a lapse of 124783 lunations, or 
10631 returns of the sun to the same node ; which require a 
period of no less than 10088 years and about 197 days. We 
say about, because we neglected seconds in the computation, 
and because the mean motions will change, in some slight de- 
gree, through a period of so long a duration. 

This period, however, contemplates an exact return to the tu* period 
same positions of the sun, moon, and earth, so that a Kne!J][|^"^*^ 
drawn from the center of the sun to the center of the moon pouibmtiei. 
would strike the earth's axis in exactly the same point ; but 
to produce an eclipse, it is not necessary that an exact return g^^^j,^. 
to former position should be attained; a greater or less oidenoetnov. 
approximation to former circumstances will produce a greater " >»»pp«»« 
or less approximation to a former eclipse: but exact coinci- 
dences, in all particulars, can never take place, however long 
the period. 

To determine the time when a return of eclipses may hap- 
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Qg^g* w- pen ( piurticQliirly if ^e reckon firom tlie most &vorable poei- 
How to tions — that is, commence with the supposition that the sun, 
Hod tk0 too- moon, and nc^e are together ), it is sufficient to find the first 

approximate values of the fraction "th^j^' ^ ^* fi°d the 

successive approximate fractions, by the rule of continued 
fractions,'*' we abaU have the successive periods of eclipses, 
which happen about the same node of the moon. 
The approximating fractions are 

118 4 19 156 

11 12 B 47 223 1831' 

AteriMof These fractions show that 11 lunations from the time an 
■howhtf th0 eclipse occurs, we may look for another ; but if not at 11, it 
periodi at will be at 12, and it may be at both 11 and 12 lunations; 
TOU*Mi OG- ^^^ ** ^^^ ^^ ®^ lunations, we shall find eclipses at the other 
eor. node, and the same succesfdon of periods occurs at both 

nodes. 

To be more certain of the time when an et^Hpse will occur, 
we must take 35 lunations from a preceding eclipse, which 
period is 1038 days 13 h. 40 m., and the sun at that time is 
about 6^ 40' farther from, or nearer to, the nodo, than before 
— and, if the count is from the ascending node, the moon's 
latitude is about 32' farther south than before; and if from 
the descending node, the moon is about the same distance 
farther north. 

The double of 11, 12, and 85 lunations, from any eclipse, 
may also bring an eclipse. 

If an eclipse occurs within 10*^ of either node, it is certain 

that eclipses will again happen after the lapse of 47 lunations. 

A brief ex. The pcriod of 47 lunations includes 1867 d. 22 h. 81m., 

ammationof ^^^ 4 revolutions of the sun to the node include 1886 d. 

the penodi* 

eai return of ^^ ^- ^^ m. ; the difference is 1 day 11 h. 29 m. ; but in this 

ecUpiei. time the sun will move, in respect to the node, 1^ 82 and 

some seconds ; therefore, if the first eclipse taere excms&y at the 

node, the one which follows at the expiration of 47 lunations, 

*See Robinson's Arithmetic. 



Digitized by VjOOQIC 



ECLIPSES. 268 

or 8 years and nearly 11 months afterward, would take place Chap. n. 
1^ 32' short of the same node; and if it were tfbe aseending 
node, the moon's latitude would be about 5' 40'' south, and, 
if the descending node, about 5' 40" more to the north* 

The period, however, which is most known, and the most 
remarkable, appears in the next term of the series, which 
shows that 223 lunations ha^e a very close approximate value 
to 19 revolutions of the sun to the node. 

The period of 223 lunations includes 6585.32 days, and 19 
returns of the sun to the same node require 6585.78 days, 
showing a difference of only a firaction of a day; and if the ^^^^^. 
sun and moon were at the node, in the first place, they would omen osUed 
be only about 20' from the node, at the expiration of this ^^ ^"^ 
period, and the difference in the moon's latitude would be 
less than 2', and therefore the eclipse, at the close of this 
period, must be nearly the same in magnitude as the eclipse 
at the beginning; and hence the expression " a rekim cf the 
edipse,^^ as though the same eclipse ooxJI occur twice. 

This period was disoovered by the Chaldsean astronomers, Bythiipe- 
and enabled them to give general and indefinite predictions ^^^^^. 
of the eclipses that were to happen ; and by it any learner, muy pndio- 
however crude his mathematical knowledge, ean designate the ^°f ^^ 
day on which an eclipse will occur firom simply knowing the 
date of some former eclipse. The period of 6585 days is 18 
years, including 4 leap years, and 11 days over; therefore 
firom any eclipse, if we add 18 years and 11 days, we shall 
come within one day of the time of an eclipse, and it wiU be 
an eclipse of about the same magnitude as the one we reckon 
from* 

For the purpose of iBnertrating the method of eompfttmg a rammaiy 
lunar eclipses, we wish to find the time when some fature ^^^^ ^^^ 
eclipse of the moon will take place ; and firom the American time when 
Ahnanao of 1833, we find that an eclipse of the moon took *" , '^"p" 

' -^ most ooour. 

place on the 1st day of July of that year, therefore ''are- 
turn of this eclipse^^ must take place on the 12th of July 
1851. 

By a simple glamce into the Amerkan Almanae for the 
year 1834, we find a total eclipse of the moon ott the 21st of 
18 
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Cbap.u. Jnne — therefore, on the first of July 1852, or at the time 
that the moon fulls on or about the first of July, there must 
be a large eclipse of the moon, visible to all places from where 
the moon will then be above the horizon ; and furthermore, IS 
years and 11 days after this, that is, in the year 1870, on the 
12th day of July, the moon will be again eclipsed ; and, in 
this way, we might go on for several hundred years, but in time 
the small variations, which occur at each period, will gradu- 
al^ wear the eclipse away, and another eclipse will as gradu- 
ally come on and take its place. 

In the same manner we may look at the calendar for any 
year, take any eclipse, that is anywhere near either node, and 
run it on, forward or backward. 

Let us now return to the ecHpse of July 12th, 1851. 
Eiemenu To decide all the particulars concerning a lunar eclipse we 
ftr the oom. ^.^ Yiq^yq the foUowiug data, commonly called elements of 
lunar the oclipse : 

•«"'-•»• 1. The time of fulkmoon. 

2. The semidiameter of the earth's shadow. 

3. The angle of the moon's visible path with the ecliptic^ 

4. Moon's latitude. 

5. Moon's hourly, motion. 

6. Moon's semidiameter. 

7. The semidiameter of the moon and earth's shadow. 
General dw To find thcse elements, the approximate time of full moon 

ITu^^theet is found from Table XI, and the tables immediately con^ 
ement* of nocted. For the time thus found, compute the longitude of 
eciiptet. ^j^^ g^^ ^^^ Table IV, aiid the tables immediately con- 
nected, as illustrated by examples on page 254. 

Compute, also, the latitude, longitude, horizontal parallax, 
semidiameter, and hourly motion in latitude and longitude, 
from the lunar tables, commencing with Table XYI, and fol- 
lowing out the computation by a strict inspection of the ex-' 
amples we have given (^rtdes, aside from Ike examples, vxnUd 
he of no avcM) ; and, if the longitude of the moon is exactly 
180° in advance of the sun,, it is then just the time of full 
moon; if not 180°, it is not full moon; if more than 180°, it 
is past full moon. 
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It will rarely, if ever, happen that the longitade of the Chaf.o . 
moon will be exactly 180° in advance of the longitade of the 
son ; but the difference will always be very small, and, by 
means of the hourly motions of the sun and moon, the time 
of fuU moon can be determined by the problem of the couriers J^ 

The moon's latitude must be corrected for its variation, 
corresponding to the variation in time between the approxi- 
mate and true time of full moon. 

To find the semidiameter of the earth's shadow, where the Mat© find 

the Minidia. 

moon runs through it, we have the following rule : meter of the 

To the moorCa korizonUd parallax, add thb sun^e, and, from •"****■ ■**•" 

the sum, subtract the sun^s semidiameter. 

This rule requires demonstration. Let S (Fig. 53) be 

Fig. 53. 




the center of the sun, H the center of the earth, and Fm & 
small portion of the moon's orbit. Draw p P, & tangent to 
both the earth and sun ; from p and P, draw PJSJ and pB, 
forming the triangle pJSP, 

By inspecting the figure, we perceive that the three Demonitn- 
angles: **~ •^ ***• 

SBp+pi;p+m£!P==lSO^. "^ 

Also, the three angles of the triangle, P^p, are, together, 
equal to 180<5; 

Therefore, SEp^EP^^EP=^P-\-p^EP\ 

Drop the angle, j^^jP, from both members of the equation, 
and transpose the angk ^S^^^ we then have 
m EP=P-^p^SEp, 

* Robinson's Algebra— problem of the coariers. 
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Chap, p. But the angle, mEp, is the semidiameter of the earth's 
shadow at the distance of the moon; SEp is the semidiame- 
ter of the son; P, that is, the angle EPp, is the moon's 
horizontal parallax; wAp is the horixontal parallax of the 
son ; therefore, the equation is the rule just given.'*' 
What it r^^^ angle of the moon's visiUe path with the ecliptic is al- 
asffie of the wajs greater than its retd path with the ecliptic, and depends, 
moon>i Tiii- in gome measure, on the relative motions of the sun and 

ble path with 

th0eciij>Mc. n^oo»- 

To explain why the real and visible paths of the moon are 

different, let j4 ^ (^- 54) be a portion of the ecliptic, and 

Am B, portion of the moon's orbit; then the angle, mAB, 

Fig. 54. 




b 
is the angle of the moon's real path with the ecliptio. Con- 
ceive the sun and moon to depart from the node, A, at the 
same time, the moon to move from ^ to m in one hour, and 
the sun to move from ^ to 5 in the same time ; join b and m, 
and the angle mhB is the angle of the moon's visible path 
with the ecliptic, which is greater than the angle mAB; 
which is the angle of the moon's real path with the ecliptic. 
On this principle we determine the angle in question. 
All the other elements are given directly from the tables. 

* Some writers have directed us to increase this valae of the shadow 
by its one-sixtieth part, but we emphatically deny the propriety of the 
direction. 
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CHAPTER III 



PSSPASATION FOB THB OOMPUTATION Olf S0UP8IS. 

Wb shall now go through the computation in Ml, that it Chap, m . 
may serve for an example to guide the student in computing compnu- 
other ecUpeea. ^^^ 

imate time of 
fUI moon 
compnted. 





Mean N. Moon. 


I. 


IL 


in. 


IV. 


N. 


1851, 
Six Luna. 
Half Luna. 


Id. 14L 21m. 
177 4 24 
14 18 22 


0038 

4851 

404 


3916 
4303 
5369 


40 
92 

58 

90 


39 
96 
60 


431 

511 

43 




193 13 7 
181 


5293 


3678 


84 


986 


A« Nil within 95 of 1000, 
or 0, there mnit be an ecllpae. 
The ran Is 16 abort of the as- 
cending node, and the moon at 
full, being opposite, mnat be 15 
short of the descending node, 
and therrfore, in north urtitade, 


n. 
III. 

IV. 


12 13 7 

3 35 

2 9 

14 

11 


Full • 


12 19 16 


descend' 


IDg. 









We now compute the stm's longitude, hourly motion, and b«>'' im 
semidiameter for 1851, Jdy 12, 19 h. 15 m. mean Greenwich ^^ J^ 

time, as foQoWS: qwjidiac to 

the appioxi- 
mat. tinM of 
ftUi 



1861 



July 
12 d 
19 h 
16m 



O M. Lon. 



8. ® ' " 

»' 88289 

52824 8 

10 50 32 

4649 

37 



3183446 

So. of center 139 38 

L 10 

n.- 18 

m. 20 



8201611 
Bq> of eqt rinCT — 16 

Qlon. 8201456 



Lon. Peri. 



8 2224 

81 

2 



9 82267 
318 8445 



L 


n. 


III. 


968 


260 


026 


129 


464 


310 


371 


28 


19 


27 








1485 


732' 


161 



N. 



648 

27 

2 





677' 



6 10 11 48 ss Mean anomaly. 



O'shonrl^ motion, 
O's semidiameter. 



2' 23" 
15' 46" 
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Chap. iit. We now oompute the moon's longitude, latitude, semidi- 
Direction ameter, horizontal parallax^ and hourly motions for the same, 
for comput- jjjgjyj Greenwich time, as follows: 

ing the 

moon'« true 
longitade. FOA THB LONGITUDE. 

1. Write out the arguments for the first twenty equations, 
and find their separate sums. With these arguments enter 
the proper tables ( as shown by the numbers ), and take out 
the corresponding^ equations, and find their sum. 

2. Write out the evection, anomaly, variation, longitude, 
supplement to node, and the several arguments for latitude, 
in separate columns, corresponding to the given time, <mi 
torite ike sum of the itoeniy preceding equations in the column of 
evection. 

3. Add up the column of evection first ; its sum will be 
the corrected argument of evection, with which, take out the 
equation of evection ( Table XXIV ), and write it under the 
sum of the first twenty equations ; their sum will be the cor- 
rection to put in the column of anomaly. 

4. Add up the column of anomaly, and the sum will 
be the moon's corrected anomaly, which is the argument for 
the equation of the center. With this argument take out the 
equation of the center from Table XXV, and write it under 
the sum of the preceding equations, and find the sum of all, 
thus/or. Write this last sum in the column of variation, 
and then add up the column of variation ; which sum is the 
correct argument of variation, and with it take out the equa- 
tion for variation from Table XXVI. 

5. Add the equation for variation to the sum of all the 
preceding equations, and the sum will be the correction for 
longitude, which, put in the column of lon^tude, and the 
whole added up, will give the moon's longitude in her orbU, 
reckoned from the mean equmox. 

Equation 6. Add the orbit longitude to the supplemtnt of the node, 
nox*u*w^ and the sum is the argument of reduction to the ecliptic; it 
esiied is also the first argument for polax distance. 



to**-itod« *" With the argument of reduction take out thereduetioii 
from Table XXVU, and add it to the longitude. 
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With argument 19, uMch is the same as N in the sokur to- chap m , 
ifles, take out the equation of the equinox, and apply it ae- *"~"^ 
cording to its sign ; the result will be the moon's true longi- 
tude reckoned on the edipHc from the true eqtdnog. 

fOB THI LATITUDE. 

Add the same correction ( to its nearest minute ) to column. General di- 
ll, as was added to the column of longitude, and add its re«tiont for 
value, expressed in the 1000th part of a circle, to all the fol- „^^ i^^i. 
lowing columns, except column X. Add up these columns, tnde. 
rejecting thousands ( or full circles ), and the sums will he 
the 5th, 6th, 7th, 8th, 9th, and 10th arguments of latitude. 

The sum of the moon's orbit longitude, and supplement to 
node, is the first argument of latitude. The sum of column 
n is the second argument of latitude ; the moon's true longi- 
tude is the third argument, and the twentieth of longitude is 
the fourth argument. Then follow 5, 6, &0., up to 10. 
With these arguments enter the proper Tables, and take out 
the corresponding equations, and their sum will be the moon's 
true distance from the north poie of the ecHptic, and, of course, 
will be in north latitude if the sun is less than 90°, otherwise 
in south latitude. ' 

N. B. When the first argument of latitude is nearer 6 signs 
4han 12 signs^ the moon is tending south; when nearer 12 signs, 
or sign, than 6 signs, it is tending north. 

For the Equatorial horizontal parallax. — The arguments fer Equatorial 
Eyeetion, Anomaly, and Variation are also arguments for p"^^^ "^ 
horizontal parallax, and with these arguments take out the tor depend 
corresponding equations from the tables adapted to this ^p^^ «i^ 

other. 

purpose* 

Ibr the semidiameter, — The equatorial parallax is the ar- 
gument for semidiameter, Table XXXIV. 

Ibr the hourly motion in longitude, — Arguments 2, 3, 4, and General dt- 
5 of longitude sensibly affect the moon's motion; they are, ]|^^' 
therefore, arguments for hourly motion, Table 36 ( the units honriy mo. 
and tens in the arguments are rejected). Take out these *»« «f **» 
equations from table, also take out the equation eorrespond- 
ing to the argument of eveotion, Table XXXVII With the 

w* 



for 
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o ba>. m . sum of the preceding equations, at the top, and the corrected 
anomaly at the side, take out the equations from Table 
XXXYIII. Also, with the correct anomaly, take out the 
equation from Table XXXIK. With the sum of all the pre- 
ceding equations at top, and the argument of variation at the 
side, take out the equation from Table XL. Also with 
the variation, take the equation from Table XLI. With the 
argument of reduction take out the equation from Table 
XLn. These equations, all added together, will give the 
true hourly motion in longitude, 
inthupro. -^^ ^ h&urly motion in ladtude, — With the 1st and 2d 
portion the arguments of latitude, take out the corresponding quantities 
tiH mermo! ^^ tables XLIII, and XLIV, and find their algebraic sum, 
tion of th* noting the sign; call the result /. 

Then make the following proportion : 

32' 56" : i : : / : ^; 

the true hourly motion in latitude, tending north, if the sign 
is plus, and south, if minus. In this proportion L is the true 
motion of the moon in longitude, and the first term is the 
moon's mean motion; and the proportion is founded on the 
principle that the true motion in latitude must vary by the 
same ratio as the motion in longitude. 

N. B. In computing the moon's latitude we caution the 
pupil against omitting to add to the arguments II, Y, YI, 
Yn, Ym, and IX, the same correction as to the column of 
lon^tude ; its value must be changed into the decimal dividon 
of the circle for all the columns except cohmm 11. 

In the following example the correction for longitude is 
added to column 11, and its value to all the following oohumui 
except column X. 

We find the value in question thus : 

360° : 13046' : : 1000 : x. 

The proportion resolved gtteB jpssthe number added to 
the sevwal columns. 

But to avoid the formality of resohing a pfoportion for 
every example, we give the following skeleton of a table that 
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may be filled oat to any extent to suit the conyenience and CBip.m, 
taiste of the operator. 

Decrees = decimal parts Degrees = jparU, 

' o ' 

15 = .003 6 24 « .015 

1 26 = .004 7 12 = .020 

1 48 = .205 9 = .025 
2/10 = .006 • 10 48 = .030 

2 81 = .007 12 86 =r .035 
2 53 = .008 14 24 = .040 
8 14 ==: .009 16 12 =z .045 
8 86 = .010 

To make use of this table, we will suppose that the oor- 
rection for longitude, in a particular example is, 11^ 81'. 25"; 
what is the corresponding decimal or numeral part? 

Thus 9<^ =3 .030 

2 31 = 7 

11 31 = .087 

We now continue the examples, hoping to follow these 
precepts. 
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The moon's longitude, as just eompnted, will be 9 20 16 9 

The sun's longitude, at the same time, will be 8 20 14 65 
The differenee will be - - - 6 14. 

Therefore, at the time for which these longitudQ9 were 
computed, the moon will be past her JvU by 14" of arc : to 
correct the time, then, we must find how much time will be 
required for the moon to gain 14"; which, by the problem 
of the couriers, is 

14 _ 14" _ 14 

*" (80.64) — (2.28) "^ 28' 81" "" 1711* 
*^ ^ The unit for < is one hour, and the denominator of the firao- 
tnbtraoiiv* tiou is the difference of the hourly motions of the sun and 
bMftVM tbm moon, as determined by the tables; the result is 29 seconds 
moo> u p«t ^f, ^^^ ^ ^ subtofaoted. 

oonjiUMsUoii, 

otherwiM it The Grecnwich time will be, 1861, July 12d. 19h. 16m. Os. 
would be aii. gubtract ... 29 

True time of full moon - - 12 19 14 81 

But the time j^ven by the lunation table was 19 h. 14 m., 
differing only 81 seconds from the true time ; the approxi- 
mate and true time, however, do not commonly coincide as 
near as this : if they did, none but the most ri^d astrono- 
mer would use the hmar tables for the time of conjunction or 
opposition. 

To be very exact we must correct the moon's latitude for 
what it will vary in 81 seconds; that is, in this case, increase 
it 4".6. The moon's latitude, at the time of fall moon, is, 
liierefore, 37' IT A. 

We have now all the elements necessary for eomputing the 
eclipse, or, at least, we have all the materials for finding 
them, and, fi)r convenience, we collect the elements together : 

1. True time of full moon, July, - - 12 19 14 81 

2. Semidiameter of earth's shadow 

(pag6266),. - ... - o gy 89" 
8. Angle of the moon's visible path 

with the ecHptic,* - - - 6 88 .26 

* This is the angle of the base of a right-angled triangle, whose baie 
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n 



Chap, IV. 



4. Moan's latitude N. descending, - - 87 17.4 

5. Moon's hourly motion from the sun, - 28 81 

6. Moon's semidiameter, * * - 15 4 
7* Semidiameter of f) and earth's shadow, 54 48 
Whenever the moon's latitude, at the time of full moon, is 

less than this last element, the moon must be more or lesf 
eclipsed ; and it is by computing and comparing these two ele- 
ments, yiz., 4 and 7, that all doubtjid eeuea are decided. 

TO OONSTBUCT A LUNAB XOLIPSB. 

From any convenient scale of equal parts, take the 7th ele* wkm tk* 
ment in your dividers (54 43) = 54i, and from (7, as a center JJJJ***^^^,^ 
with that distance, describe the Bewickch £ D jff£ (Fig. 55). tttade de- 
Take CA = the 2d element, and describe the semidiameter ■«'*• * ^^ 
of the earth's shadow. From C the center of the shadow, ' , 
draw Gn at right angles to jS JS^ the ediptic, above B^ when south uu- 
the latitude is north, as in the present example, but below, ^^** ^' 
rf south. . ^ i^^„ 

Fif . 55. 




Take ihe moon's latitude from the seale of equal parts, 
and sefc it ctf from C to n. Through n draw DnB, the 
moon's path, so that the line shall incline to BM, the ec%tic, 
by an angle equal to the 3d element. Conceive the moon's 

is the hourly motioa «f the mooa from ^ sun (28' 31"), and the per- 
pendicular, the moon's hourly motion in latitude (3' 49"). See 
page 266, figure 54 
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Gbap. ni center to ran along the line from D to iS^ and from C draw 
Cm perpendicular Xo DH. 

When the moon is ascending in her orbit, 2> J7mn8t incline 
the other way, and Cm mngt lie on the other side of Cn, 

The eclipse commences when the moon arriyes at D. It is 
the time of full moon when it arriyes at n; the greatest ob- 
scuration occurs when it arrives at m, and the eclipse ends at 
H. The duration is the time employed in passing from D to 
H\ and to find the duration apply DHXo the scale, and thus 
TiM5th«i«. find its measure. Divide this measure by the 5th element, 
mool't'u^ and we shall have the hours and decimal parts of an hour in 
iw notkm the duration. Also apply Dn to the scale and find its mea- 
*«»**»•«»• sure. Divide this measure by the 6th element, for the time 
of describbg Dn, also divide the measure nHior the time of 
describing nE, 

The time of describing Dn, subtracted from the time of 
full moon, will g^ve the time of the beginning of the eclipse; 
and the time of describing nE, added to the time of full 
moon, will give the time when the eclipse ends. 

With lunar eclipses the time of greatest obscuration is the 
instant of the middle of the eclipse, provided the moon's mo- 
tion from the sun, for this short period of time, is taken as 
uniform, as it may be without sensible error. 

In reference to this example i>n=:36' and ni7'=44'. 
These distances, divided by 28' 31'', give 1 h.l4m.l6 s. for the 
time of describing Dn, and 1 h. 32 m. 40 s. for nHx whole 
time, or duration, 2 h. 27 m. 20 s. 

AstroBomi- 

oai UnM Goa. Therefore from the time of fall % 
^•rtad into Subtract 

•Wil UnM. 

Eclipse begins ... 

Add the duration 

Eclipse ends - - - 20 47 85 



h. m. B. 

19 14 31 

11416 


18 015 
2 47 20 



TUiMlipM 
not Titible la 
fimoiM, and 



That is, in 1861, July 12 d. 18 h. Cm. 16 s. mean astrono- 

wky. mical time, the eclipse begins ; but this time corresponds with 

July 13, at 6 h. m. in the morning; and at this time, the son 

will be above the horizon of Greenwich, and, of coarse, the 
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fall moon, wluch is always opposite to the sun, will be below oaa*. m. 
the horizon, and the eclipse will be invisible to all Europe, y^jy^ ^ 

In the United States, however, the eclipse will be visible; tuu.s. 
for, at these points of absolute time, the son will not have 
risen nor the moon have gone down ; but, to be more definite, 
we demand the times of the beginning, middle, and end of the 
eclipse, as seen £rom Albany, N. Y. To answer thi? demand, 
all we have to do, is to subtract from the Greenwich time the 
difference of meridians between the two places^ which, in this 
case, is 4h. 55 m. ; and the result is. 
Beginning of the eclipse 13 d. 1 h. 5 m. morning, 

Middle .... 2 30 

End of the eclipse - - 3 62 „ 

In the same manner we would compute the time for any 
other place. 

For the quantity of the eclipse we take the portion of Th« <ni«i. 
the moon's diameter, which is immersed in the shadow, ***J ^^ ,***• 

t . . 1 . 1 . . , echpw how 

at the time of greatest obscuration, and compare it with found, 
the whole diameter of the moon; and in the present ex- 
ample, we perceive, that more than half of the diameter is 
eclipsed — about 7 digits when the whole is called 12, or 0.6 
when the diameter is 1. 

All these results, however, except the time of fiill moon, 
are approximate, because we cannot, nor do we pretend to 
construct to accuracy ; hut any mathematician can oUain accurate 
reeults by means of the triangles D Off and Cnm, and the 
relative motion of the moon from the sun. 

In the right-angled triangle Cnm, right-angled Aim, Cn The ezaet 
is the latitude of the moon = 37' 17".4 = 223r'.4, and the «>»p«t»tion 

of tha dniK> 

angle n Cm = 5° 38' 26"; with these data we find «»«= tion of tho 
220^ and Cm = 2212" ~Up.o. 

In the right-angled triangle C Dm, at its equal Cmi7, we 
have - - (7m«-|-mJ?«=:(7iP; 

Or, - - mB^=^CjEP—Cm'; 

Or, . . mE^z=(Cff+Cm){Cff—Cm). 

CEia the 7th element = 3283", and Cm = 2212".6. 

Therefore, m J7= V(5495) (1071) = 2426" Thif 

z 
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omMf.m . difided by 1711", the 5tli element, gives the time of half 
the dnntion of the eclipse 1 h. 25 m.; therefore the whole dn- 
nttioD is 2h. 50m., which is 2m. 40 amorethan the time we 
obtained by the rough amttnteUcn. 

The distance nm, as just determined, is 22(K', and the lime 
of describing this space, at the rate of 1711" per honr,^e- 
quires 7 bl 62 s., which taken from and added to the semi- 
duration, giyes 1 IlITbl 8 s. from the beginning of the eclipse 
to frJl moon, and Ih. 82nL 52 s. from the foil moon to the 
end of the ecKpse. 
n* «i%^ For the magnitnde of the eclipse, we add the moon's semi- 
JJ^IjSi. diameter in seconds (904" ) to Cm ( 2212" ), and from the 
•rtteaifBi- smn subtract the semidiameter of the shadow in seconds 
^„^ ^ ( 2379 ), and the remainder is the portion of the moon's di- 
ameter not edipsed. Subtract this quantity from the moon's 
diameter, and we shall have the part eclipsed. Divide this 
by the whole diameter,and the quotient is the magnitude of 
the eclipse, the moon's diameter being unity. 

Following these directions, we find the magnitude of this 
eclipse must be 0.587. 
^J[JjJ^^~*^ In all these computations we were guided by the construe- 
iviBoieat tion ; foMch wiU alufctys pnme a at^ckni rndtx^ aid all thai 
fBide to eaiw ^^^ttW U teqmrtd. 

^nometri" ^® ™*y determine, in any case, whether the ecEpse wfll or 

cai oompau. will uot be total, by the following operation: 

^^^' Subtract the C)'b semidiameter from the semidiameter of 

the shadow, and if the moon's latitude, at the time of frdl 

moon, is less than the remainder, the eoBpse will be total, 

otherwise not. 

Tofifid the titration ^ total darkmn. — Diminish the semi- 
diameter of the shadow by the semidiameter <tf the moon, and 
from the center of the shadow describe a cirole, with a radius 
equal to the remainder ; a portion of the moon's path must 
come within this circle ; that portion, measured or divided by 
the hourly motion, will give the time of total darkness. 

When the moon's latitude is north, as in the present ex- 
ample, the southern limb of the moon is eclipsed — and oon- 
▼ersely. 
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CHAPTER IV. 

SOLAR ECLIPSES — GENERAL AND LOCAL. 

The elements for a solar eclipse are computed in the same cbap. it. 
manner as the elements of a lunar eclipse ; all of wliich are General di. 
found by the solar and lunar tables. "*^®" y* 

rm, . . i. . /. __ find the ele- 

The approximate tmie of new moon is first computed, and menu, 
for this time, compute the sun's longitude, declination, paral- 
lax, semidiameter, and hourly motion; and for the same 
time compute the moon's longitude, latitude, hourly motion in 
longitude and latitude, horizontal parallax, and semidiameter. 

If the longitudes of both sun and moon are found to be the 
same, then the approximate time of conjunction; found by the 
lunation tables, is the same as the true time ; if not, we pro- 
portion to the true time, as described in the last chapter. 

The elements for a general solar eclipse are : 

1. The time of <i * at some known meridian* 2. Longi- whtt •]•- 
tude of O and •)• 3. O's declination. 4. D's latitude. ^^^^^ 
5. o's hourly motion. 6. O's hourly motion in longitude. 
7. o's hourly motion in latitude. 8. The angle of the O's 
visible path with the ecliptic. 9. O's horizontal parallax. 
10. O's semidiameter. 11. O's semidiameter. 12. Q's ^ 
horizontal parallax. 

For a local eclipse, the latitude of the particular locality 
must also be given, or considered as one of the elements. 

As we can best illustrate general principles by taking a a definite 
particular example, we now propose to show the general course ^^^ **"' 
of an eclipse of the sun, which will occur in May 1854; wh^re 
it will first commence on the earth; in what latitude and longi- 
tude the sun vnll be ceniraUy eclipsed at noon, and whtre; vn 
what latitude and longitude the eclipse MfinaUy leave the earth. 

We speak of an eclipse of the sun being on the earth; by Some gene- 
this we mean the moon^s shadow on the earth. If an observer ' ^j^^ 
is in the moon's shadow, of course, the sun would be in an nation*, 
oclipse to him; and, if a tangent line be drawn between the 

• Sign of conjunction. 
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CMAr. IT . gun nni moon, and that line strike the eye of an observer on 
the eartli, to that observer the limbs of the son and moon 
would apparently meet, and all projections of eclipses are on 
the principle of lines drawn from some part of the sun to 
some part of the moon, and those lines striking the earth. 
When no such lines can strike the earth there can be no 
eclipse. For the sake of simplicity in exphuning a projection 
p«iat 9t ^'^ ^^ eclipse, whether it be general or local, an observer 
vitv. is supposed to be at the moon, looking down on the earth, 
viewing the moon's shadow as it passes over the earth's disc;- 
and, of course, the earth to him appears as a plane, equal to 
the moon* 9 harizonial parallax. 

The approximate time of new moon will be found com- 
puted on page 254, and, if very close results are not required,, 
we may compute the sun's longitude, declination, hourly mo- 
tion, and semidiameter for this time, and take out the moon's- 
horixontal paraUax, hourly motion, and semidiameter from 
Table IX ; but we have computed the elements more aooa* 
rately by the lunar tables, an^ find them as follows : 

d. h. m. I. 

1. Greenwich mean time of c{ 1864, May 26 8 45 39 
Aflnnto 2. Lon. of O and D - - . 66° 14' 6" 
•^^ ■* 3. Declination of the © - - « 21 11 43 N. 

•dipM, 4. Latitude of the f) - - . 21 19 N. 

t^ ^ 6- 0*s liourly motion b Ion., '- - - 2 24 
May as, 6. C)'s hourly motion in Ion., - - - 80 3 
18M- 7. C)'s hourly motion in lat., tending north, 2 46 

From 6, 6, and 7 we obtain 8, as explained 
in the last chapter. 

8. Angle of the moon's visible path o ' *' 

with the edip., - - - - 5 42 60 

9. The C)'s horizontal equatorial parallax, 54 30 

10. The O's semidiameter, - - 14 51 

11. The O's semidiameter, • - 15 48 

12. The O's horisontal parallax, always taken at 9 
Add together the Q's horisontal parallax, the f)'s hori^ 

gonial parallax, and the semidiameters of Q and f), and if 
the moon's latitude is less than this sum, there will be an 
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*^clipse, otherwise not ; and it is by comparing this sum with Chap. iv. 
the moon's latitude that aU dotibifid cases are decided. 

TO CONSTEUOT A GENERAL ECLIPSE. , 

L Make, or procure, a convenient scale of equal parts, and 
from any point as (7 ( Fig. 66 ) with the radius OB, equal to 
the diflFerence of the parallaxes of O and §) ( in the pre- 
sent example 54' 21", the minute is the unit ), describe the 
semicircle C B PH, or the whole circle, when the -case re- 
quires it. When the moon has small latitude ( less than 20' ) 
describe the whole circle ; when the moon has large north lati- 
tude, describe the northern semicircle; when sow^A, describe the 
southern semicircle. 

Through C draw VCD PL perpendicular to HB. This 
perpendicular will represent the plane of the earth's axis, as 
seen from the moon. 

From P take P A, PF, each equal to the obliquity of the 
ecliptic 23° 27' 30", and draw the chord AF. 

On -4 jP, as a diameter, describe the semicircle ALF. ^^ ^^ ^^^^ 

2. Find the distance of the sun from the tropic, nearest to of the eciip- 
it, by taking the difference between the sun's longitude and ***'* 
90° or 270°, as the case may be. In the present example we 
subtract 66° 14' from 90°, the remainder is 24° 46'. Take 
L T, equal to 24° 46', and draw TE parallel to L C. Draw 
CE the axis of the ecliptic. 

By the revolution of the earth round the sun, the axis of tJ** «»« 
the ecliptic appears to coincide with the axis of the equator, \^^ vadaWe 
when the sun is at either tropic, and it appears to depart in po«ition. 
from that line by the whole amount of the obliquity of the 
ecliptic ; and the time of this greatest departure is when the 
sun is on the equator. That is, CE runs out to (7^4 at the 
vernal equinox, and runs out to CF Sit the autumnal equi- 
nox. As a general rule, CE, the axis of the ecliptic, is to 
the left of CPf the axis of the equator, from the 20th of De- 
cember to the 20th of June, and to the right of that line the 
rest of the year. Draw C O the axis of the moon's orbit, so ^o^ to find 
that the angle OCE shall be equal to the angle of t^^Q the iroiof. 
moon's visible path with the ecliptic, and (7 (7 is to the left of wt, 

X* 
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Chap. IV . CE when the ecKpse is about the ascending node, as in this 
example, but at the right when the eclipse is about the de- 
cending node. 

For this projection to appear natural, the reader should 
face the north, so that H will appear to the west, and B on 
the east of the figure. 
' The shadow of the moon across the earth is froipi a western 

to an eastern direction, therefore, the moon is conceived to 
come in on the earth from the west side. 
Th» •qiiA- r^^ pQjjj^ (J jg perpendicular to the sun's declination, and 
C F is the sine of the declination, and the curved Ime H VB 
is a representation of the equator as seen from the moon. 
When the sun has no declination, the equator draws up into 
9, straight line. 
Bow to 8. Take C n from the scale of equal parts, making it equal 
^"^ ^ to the moon's latitude, and through the point », and at right 
angles to C O, draw the line klmnrpq, which represents the 
center of the shadow, or the moon's path across the disc. 

From C as a center, at the distance C 0, describe the 
outer semicircle, equal to the sum of the moon's horizontal 
parallax, the sun's horizontal parallax, and the semidiameter 
of both sun and moon ; then O j?* is the semidiameter of the 
sun and moon. 

IVlien the eclipse first commences, the center of the moon 
is at ky and the center of the sun is on, the circumference of 
the other circle, in a direct line to C, hot represented in the 
figure, therefore, the two limbs must then just touch. 

As C is the center of the earth, and ff on the equator, 

therefore Cff is a line in the plane of the equator, and the 

point k iBSk little below the equator; which shows that the 

eclipse first commences on the earth a little south of the 

equator. 

Howtode. The time that the eclipse is on the earth is measured by 

dnrationofa *^® *^™® required for the moon to pass from k tog with its 

gononi true angular motion from the sun. 

•oUpM. rpjjQ length of this line, k q, can be found from the ele- 

ments, and trigonometry, as in an eclipse of the moon, and 
the time of describing it is found in the same way. 
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Chap. IV. When the moon's center comes to Z, the central ccKpse 

How to do. commences, and the arc Ml shows that it must be about in 

terraine in ^]^q latitude of 7° uorth. When the moon's center comes 

what lati- -n !• t 

mde« tiie to r, the sun will be centrally eclipsed at apparent noon ; and 
eclipse wui (J j. is the siue of the number of degrees north of the sun's 
over/ and dcclination, which, in this case, is about 23° ; hence to the 
pas> off the sun's dcclination, 21° 12', add 23° making 44° 12'; showing, 
as near as a mere projection can show, that the sun will be 
centrally eclipsed at noon on some meridian, in latitude 44° 12' 
north. The central eclipse will end, or pass off the earth, 
when the moon's center arrives at p and the arc Bp from the 
equator, shows that the latitude must be about 41° north. The 
eclipse will entirely leave the earth when the moon's center 
arrives at ^, and for its limb to touch the sun, the sun's cen- 
ter must be at k, and the arc B k shows that the latitude 
must be about 30° north. 

The lines, cd and ab, parallel to the moon's path, and dis- 
tant &om it equal to the sum of the semidiameters of sun and 
moon, represent the lines. of simple contacts across the earth, 
or limits of the eclipse ; cc? is the southern line of simple con- 
tact, and a 5 is the northern line of simple contact, and the 
latitudes at which these lines make their transits over the 
earth, are determined precisely as the latitudes on the cen- 
tral line. 
Wo may g^^ ^g jjqq^ jjq^ gjjQp ^t coarse approximations: we have 
rate compn- all the data for correct mathematical results, on the same 
tationt by principles as we determined those in relation to a lunar eclipse, 
nomotr^** In the triangle Qnr, we have the side Cn, the moon's 
latitude in seconds, which may be used as linear measure, as 
yards or feet and in proportion thereto, we may compute Cr 
and nr, when we knew the angle n Cr, 
An eqna- But the foUowiug equation always gives the tangent of the 
position of angle E CD or n Cr, calling the sun's distance from the sol- 
the axis of gtice 2>, the obliquity of the ecliptic E, and the radius unity. 

the ecliptic. 

tan. E C D=i2,n. E mi. D.* 

• The student who has acquired a little skill in analytical trigono- 
metry can discover the preliminJiry steps ta this equation; the princi- 
ples are all visible in the construction of the figure. 
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To the angle B CD, add the angle Q CE, the angle of the Cm^Jf 
moon's visible path with the ecliptic, and we have the whole 
angle G ODy orm Cr, Cmn is a right angle; and in the 
two triangles Cmn and Omr, we have all the data, and can 
compute nr and r C, 

When the moon arriyes at m, it is in the Ime of conjunction 
in her orbit ; when it arriyes at n, it is in ecliptic conjunction ; 
and when it arrives at r, it attains cor^ncHon in right as^ 
'cennon. 

For the last six or eight years, the English Nautical Al- *•••»* 
maniac has given the conjunctions and oppositions in right as- thr^EogUsh 
cension, in place of conjunctions and oppositions in longitude, NmUeai Al- 
and has given the difference of declinations between the sun ^^*^^ 
and moon, in place of giving the moon's latitude ; that is, it 
has given the time that the moon arrives at r, in place of n, 
and given the line Cr in place of Cn. 

All lunar tables give the ecliptic conjunction at n, and from 
this we can compute the time at r by means of the triangle 
Cnr. 

Having explained the principle of finding the latitude on 
the earth, when a solar eclipse first commences, we are now 
ready to show another important principle — ^how to find the 
longitude ; and with the latitude and longitude, we have the 
exact point on the earth. 

Where an eclipse first commences on the earth, it com- ^ni* method 
mences with the rising sun, and finally leaves the earth with JI,^^ . 
the setting sun. In this example, we have decided that the wh«i« th* 
eclipse must commence very near the equator, not more than J^JjJ|JJ ^ 
one degree south ; but in that latitude the sun rises at 6 h. svUi. 
A. M. apparent time ; therefore, at the place where the eclipse 
commences, it is six in the morning, apparent time. 

From the scale of equal parts, take the moon's hourly mo- 
tion from the sun in the dividers (27' 39"), and apply it on 
the line kg: it will extend three times, and a little over, to the 
point n. This shows' that three hours, and a little more (we 
gay 3h. 3 m.) must elapse from the first commencement of 
the eclipse to the change of the moon at n. Hence, by the 
local time at the place of the commencement of the eclipse. 
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chaf. IV . the moon changes at 9 h. 3 m. in the morning, apparent time ; 
bat the apparent time of new moon at Greenwich is 8 h. 49 m. 
p. M., making a difference of 11 h. 46 m. for mere locality : 
the absolute instant is the same; the difference is only in 
meridians which correspond to a difference of longitude of 
175^ 30'; and it is west, because it is later in the day at 
Greenwich. . 
oT** findin* '^^® Central eclipse also first comes on the earth at a pkce 
when tb« where the sun is rising. In this example it first strikes the 
central ^^^^ ^f. ^j^^ p^j^^ ^ ^ latitude about 7° N.; but, in latitude 
itrikes the 7^ N., and declination 21° N., the sun rises at 5h. 48 m., 
•"th. A, M. apparent time ( Prob. 11 ); and from that time to the 

change of the moon, namely, the time required for the moon 
to move from Ho n, is ( as near as we can estimate it by the 
construction ), 1 h. 56 m.; therefore^ the time of new moon, in 
the locality where the central eclipse first commences, is 7 h. 
44 m. in the morning. From this to 8 h. 49 m. in the even- 
ing, the time at Greenwich, gives a difference of 13 h. 5 m., 
reckoned eastward from the locality, orlOh. 55m. reckoned 
westward ; which corresponds to 196° 15' toest longitude from 
Greenwich, or 163^ 45' east longitude ; the meridian is the 
same. If the longitude is called east, the day of the month 
must be one later ; but, to avoid this, we had better call the 
^ longitude west. 

To find the Where the sun is centrally eclipsed on the meridian, it is 
whSr*^*the J^* ^^* apparent time ; the moon's center is then at r, and, 
ran wiu be by the coustruction, it must be about seven minutes afiber 
init? iLt conjunction in that locality ; hence, the conjunction is seven 
minutes before 12, and at Greenwich it is' 8 h. 49 m. after 12, 
giving 8 h. 56 m. for difference of longitude, or 134° west 
longitude. 

The central eclipse will leave the earth with the setting 
sun, when the center of the moon and sun are both a^tp; but 
the latitude of p we decided to be 40° north, and in this 
latitude, when the sun's declination is 21° 11', as it now 
is, the sun sets at 7h. 15m. apparent time; but this is 
Ih. 40 m. after conjunction, therefore the conjunction in 
that locality must be at 5 h. 36 m. ; but, at Greenwich, it is 



•olipied at 
noon. 
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8 h. 49 m., gi^ng, for difference of longitude, 3 h. 14 m., or Chap. iv. 

48° 30' west. 

The eclipse finally leaves the earth in latitude 46° north; Tofindth* 
but, in this latitude, the sun seta at 6h. 61 m., and the con- '^JfJ^"**^!,, 
junction will be 3 h. m. sooner ( the time required for the eclipse wiu 
moon to pass from n to ^), therefore tiie conjunction in this ^'^^ ^^ 
locality must be at 3h. 61m.; but, at Greenwich, it will be 
8h. 49 m., giving 4h. 68 m. for difference of longitude, or 
74° 30' west 

Thus, by the mere geometrical constructicm, we have 
roughly determined the following important particulars : 

App. time Gr. Lat. Longitude, 

h. m. o ° ' 

Eclipse commences, May 26, 6 46 IS. 176 30 W. »«"Jt.me. 

, chanically 

Cen. eclipse commences, 6 63 7 N. 196 16 W. taken from 

Cen. eclipse at local noon, 8 66 46 134 00 W. *>>• P"«e«- 

Oen. eclipse ends, 10 34 40 48 30 W. '*''"• 

End of eclipse, 1146 30 73 30 W. 

To find the latitude of the first conunencement of simple The looeii- 
contact on the southern line, all we have to do is to find the go^them and 
arc Be; and for the latitude on the northern line, we find the northern 
arc ffa ; the point c is in latitude about 27° south, and a in pie*^ntac"' 
about 64° north. 

The southern line of simple contact leaves the earth at d, 
between the seventh and eighth degrees of north latitude, and 
the northern line passes off beyond the pole. 

We have, thus far, taken the results but approximately 
from tlie projection, and the projection is sufficient to teach 
U8 principles ; and it must be our guide, if we attempt to ob- 
tain more minute results; and with the elements and the figure 
wo have the whole subject before us as minutely accurate 
as it is magnificent, and as simple as it is sublime. 

To complete our illustration, we now go through the tngo^ 
nometrical computation. 

In the triangle Cnm, we have C7n=21' 19"=1279, the 
angle 9»Cn=s:6° 42' 60", and the angle m a rigbt angle. 

Whence Cm=1273", and TOn=127".3. 
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cmaf.iy . twL E CD=^n Cr^UoL (28© 2T 82") rin. (24© 45' 54") 
la thM* (page 284). 
IZtt^ Whence iST GZ>= 10^ 18' 8", 

-ooa'* Intl. Add OCB=: 5^42' 60", 

Bum 18 ffC7i)=mC7r==16«> 0' 68". 
In the triangle m Cr, we have Cm (1278), the perpendica« 
lar, and the angle m C7r as jnst determined; whence, 
«*^" mr=366".S; (7r=:1824".8. 

In the triangle Cmp, Gp is the horizontal parallax of 
moon and son (64' 80")— 9", or 54' 21"=3260". 
By the weQ-known property of the right-angled triangle, 

Or mi>«s=:Oj?«— (7m«==(C>+(7m){C;>--(7m), 

That is, mp^ 7(4533)(1987)=8001".7. 

Therefore, Ip, the whole chord, is 6003".4, which, divided 
by 1659' (the moon's motion from the son), gives 8.616 h. 
or 8 h. 87 m. 40 s. for the time that the central eclipse wiD 
be on the earth. 

In the same manner the line m^ is found. 

That is, f»y=7(6-54-(7m)((7g— C7m), • 

But. C7^=54' 2r'+14' 51"+15' 48"=5100". 

Or mj=:^(6873)(8827)=4938".8. 

Therefore, the whole chord, hq,]B 9876.6, which, divided by 
1659", gives 5 h. 57 m. 20 s. for the entire duration of the 
general eclipse on the earth. 

On the supposition that the moon's motion from the sun is 
uniform for the six hours that the edipse will be on the earth, 
the several parts of the moon's path will be passed over by 
the moon, as follows : 



AMvnito 
nivltsoatfa* 
oonditioB of 


From i; to ^ in 1 h. 9 m 
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to <{ in orbit. 


iiiTviaU«el. 


From m to n in 4 


36 


to d in ecliptic. 


•menu. 


From n to r in 8 


87 


to<i in right asoenrfon. 




From rtoj> in 1 86 


40 






From |> to 9 in 1 9 


54 





Digitized by VjOOQIC 



8h. 49m 


. Ob. 


3 8 


30 


5 45 


30 


6 55 


24 


8 58 


00 


10 33 


48 


LI 43 


41 



ECLIPSES. 289 

The apparent time of ecliptic conjunctioD, at Oreenwich, ctur. IT. 
as determined by the tables ( and applying the equation of "~""^ 
time), is at 

Subtract from k to ecliptic d , 
Eclipse commences, Greenwich app. time, 
Central eclipse commences (add 1 9 54), 
Sun centrally eclipsed on some meridian, or 

d in right ascension, Greenwich time, 

at (add 2 2 36), 
Central eclipse ends at (add 1 33 58), 
End of eclipse at (add 1 9 64), 1 

By comparing these times with those obtained simply by a eu«iu 
the projection, we perceive that the projection is not far out pn««^^«n 
of the way, notwithstanding the terms rough and nmgUy that ,^, than u 
we have been compelled to use concerning it. Indeed, a good rtt^r^ny 
draftsman, with a delicate scale and good dividers, can decide 
the times within two minutes, and the latitudes and longitudes 
within half a degree; but aU mathematical minds, of course, 
prefer more accurate results; yet, however great the care, 
abeoUUe cuxuroKy cannot be attained ; the nature of the case 
does not admit of it.* 

To find whether the point k is north or south of the equa- 

* The astronomer, by making use of his judgment, can be very ac- 
curate with very little trouble : he perceives, at a glance, what ele- 
ments vary, and what the effects of such variation will be; but a learner, 
who is supposed not to be able to take a comprehensive view of the 
whole subject, must go through the tedious process of computing the 
elements for the times of the beginning and end of the eclipse, as well 
as the time of conjunction, if he aims at accuracy, but an astronomer 
can be at once brief and accurate. In computing the moon's longi- 
tude, in the present example, the astronomer would notice in particu- 
lar the moon's anomaly, and, by it, he perceives whether the moon's 
hourly motion is on the increase or decrease, and at what rate. 

It is on the decrease, and the first part of the chord X; m is passed over 
by the moon in about 7 seconds less time than our computation 
made it, and the last part requires about 7 seconds longer time ; but 
the times of passing m and n should be considered accurate, and the 
times of beginning and end should be modified for the variation of 
the moon's motion, making the beginning and end 7 seconds later, and 
the beginning and end of the central eclipse about 4 seconds later. 
19 T 
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Ctu9.vr . tor, W6 conceive k and C joined, and if the angle mCk ia 
greater than the angle m CB, the point k is south, otherwise 
north. 
By trigonometry, Ck : km : : sine 90^ : sine mCk; 

Or. 5138 : 4900".3 : sin. 90 : sin.m C7it=76 31 20 
To tWs add G C7i>, .... 16 058 

8am is the angle rCk - - - 91 32 18 

This angle shows that the eclipse will first touch the earth 
in latitude 1° 32' 18" south. 

To find the arc ffl, conceive the points CI joined, and the 
two triangles C7/m, m Cp are equal. 

Ajid 01 : Im : : sin. 9(P : m Cl; 

Or, 3261 : 3003J : : sin. 90 : sin. m Cl^m 7 50 
To this add CD, - - - 16 58 

The sum is, - • - - 83 8 48 ^ 

wiMit th* This angle shows the latitude of the point / to be 6^ 51' 
lS!!r*thl"* 12" north. That is, the central eclipse first touches the 
•Mth earth in 6® 51' 12" of north latitude; differing very little from 

the point determined by construction. 

To find the latitude of the point p, we have mCl^m Cp 
= 67° r 50"; and subtracting 16° 0' 58", we have the 
polar distance, or co-latitude; the result is, that the central 
eolipse passes off at latitude 38° 53' 8" north, and the gene- 
ral eclipse entirely leaves the earth in latitude 30° 25' 38". 

To find the latitude of the point r, we consider Cr to be a 
sine of an arc, and C P the radius. 

Therefore, 3261" : 1324".3 : : J2 : sin. a? = 23 58 GO 
To this add the sun's declination, - 21 11 43 

Sum is latitude where the sun will be 

centrally eclipsed on the meridian, - 45 .9 43 N. 
flow to find Wherever the sun is centrally eclipsed on the meridian, it 
M longitnde is apparent noon at that place, but at Greenwich Uie apparent 
'L^ ** Ae time is 8 h. 57 m. 37 s., p. m. ; this differenee, ohanged into Ion- 
tun is central, gitttde, givss 184° 25' west, Within a degree of the result de- 
lyeoiipsedon temHRed froffl the projection; and it is not important to go 
over a trigonometrical computation for the longitudes, since 
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we Are sure of knowing how to do it; and we are also Bure chap.iv. 
that the results will not differ much from those abrcady do- 
termined* 

In short, from the elements, the figure, and a' knowledge suffieiant 
of trigonometry, we can determine all the important points in ^^^ ^^ ^^* 
each of the three lines ed, kg, and ab, for between them we 
have, or may have, a complete net-work of plane triangles. 



CHAPTEB V. 

LOCAL SOLIPSSS, XTO. 

Wx^now close the subject of eclipses by showing how to Crap. v. 



project and accurately compute every circumstance in rela- 
tion to a local eclipse. 

For an example, we take the eclipse of May, 1854, and for 
the locality, we take Boston, Mass., because we anticipated a 
central eclipse at that place, but the result of computations 
shows that it will not be quite central even there. We use 
.the same elements as for the general eclipse. 

THE CONSTRUCTION. 

Draw a line CJD, and divide it into 65 equal parts, and Th« wnk 
consider each part or unit as corresponding to one minute of 
the moon's horizontal parallax. From C', as a center, at a 
distance equal to the difi*. of parallax of the sun and moon 
(54 21), describe a semicircle north or south according to 
the latitude, or describe a whole circle if the latitude is near 
the equator. 

From O draw (7®, the universal meridian, at right angles 
to (72), and from ^ take ® 9P and ® ^, each equal to the 
obliquity of the ecliptic ( 28^ 27' ) and draw the straight line 
<V3:flB, s^ on the right. Subtract the sun's longitude from 
90° or 270° to find its distance from the nearest solstitial 
point, and note the difference (in this example 24° 46' ). • Z^^Ju^^ 

From the point a, with aT as radius, make a O equal to •oiipuo. 
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<^*^ the sin© of 24° 46',* and join C<7, and produce it to B; GE 
is the axis of the ecliptic: this line is variable, and is on the 
other side of the line C7s5 between June 20 and Decem- 
ber 21. 

How to find From E take the arc EL equal to the moon's visible path 

Um axis of ^ r 

the mooni ^^ ^^® odiptic, to the light of E when the moon is descend. 

oibit. ing^ but to Uie left when ascending as in the present exam- 

ple. Join CLy a line representing the axis of the moon's orbit. 
To and from the reduced latitude of the place add and sub- 
tract the sun's declination : 

Thai, Boston, reduced latitude, - 42^ 6' 39" N. 

Sun's declination, - 21 11 43 N. 
Sum is 630 19^ 22", and difference is 20o 54' 56'\ 

fiowto find From Cy make (712 equal to the sine of the difference of 

^"^•Ui *" *^® *^^ "^« (2^° ^^' ^^" )» *°^ ^^ *^« ^® ^^ *^® «™ 

markiJ^ SI (63° 19' 22"). 

^*f 21* 1**^ Divide (12) d into two equal parts at the point g\ and on 
oyr* ^!^^ (12), as radius, mark the sine of 16° 30°, 46° 60°, 76° 
earoi*! di«e. gQo. t^j^ line 7, 5, runs through the first point; 8, 4, through 
the second, &c. 

Subtract the latitude (42° 6' 39") from 90° thus finding 
the co-ktitude (47"" 53' 21"). On the semidiameter of the 
earth's disc, as radius, take the sine of the co-latitude (47^ 
53'), and set off that distance from g, both ways to 6 ; thus 
making a line, 6, 6, at right angles to the universal meridian, 
Gg, On g (6) as radius, and from the point ^ as a center, 
find the sine of 15^, 30"", 45^, &c., and set off those distances 
each way from^ and through the points thus found, draw 
lines parallel to ^ C ; these lines, meeting the lines drawn par- 
allel to 6^6, will define the points 5, 6, 7, 8, &c. to 12, and 
1, 2, 3, &o. to 7, the hours of the day on the elliptic curve. 
That is, our supposed observer at the moon would see Boston 

Sxplsnfttiott 

of the honn {^^ ^^J 0^^®^ P^^^^ ^ ^^ samo latitude as Boston), at the 
round the el- point 9 whcu it is 9 o^clock at the place, and at 12 when it 
is noon at the place, &o. 

* Hie reader is supposed to understand how to draw a sine to any 
arc, corresponding to any radius, either with or without a sector 
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o^AT^. As this ourva touches the disc before 6 and after 7, it 
shows that, in that latitude, on the day in question, the sun 
will rise before 5 in the morning, and set after 7 in the even- 
ing. If the declination of the sun had been as much south as 
, now north, the point d would have been 12 at noon, and all 
the hours would have been on the upper part of the ellipse, 
which is not now represented. 

From C, as in the general eclipse, set off the distance Cn 
equal to the moon's latitude, and, through the point n, draw, 
the moon's path at right angles to CL, 

Ab the ellipse represents the sun's path on the disc, and as 
the point (12) refers, of course, to apparent noon, and noi to 
mean noon, therefore, we will mark off the time on the moon's 
path correspondii^ to apparent time. 
Howtomaik When the moon's center passes the point n, it is at ecliptic 
moonwui* <^iU^^<^^^o^ apparent time, at Boston, or it must be considered 
the apparent time corresponding to any other meridian for 
which the projection may be intended. 

The ecliptic d , apparent time, Greenwich, is 8h. 49 m. Os. 
For the longitude of Boston, subtract 4 44 16 

Conjunction, apparent time, at Boston, 4 4 44 

The moon's hourly motion from the sun is 27' 39'': take 

this distance from the scale, in the dividers, and make the 

small scale ab, which divide into 60 equal parts; then each 

In this ease, f^jct oorrespouds with a minute of the moon's motion from the 

the eiiipM sun, and the distance ab will correspond with one hour of the 

mence ^to- ^oo^^'s motiou aloug its path. At 4 h. 4 m. 44 s. the moon's 

tween 4 and center Will bc at the point »; the sun's center, at the same 

5o*oiook. ^^^ ,^ ^^ j^^ beyond the point 4 on the ellipse ; and, as 

the distance between these two points is greater than the sum 

of the semidiameters of sun and moon, therefore the eclipse 

will not then have commenced; but the moon moves rapidly 

along its path, and, at 5 o'clock, the center of the moon will 

be at the point marked 5 oh the moon's path, and the center 

of the sun will be at the point marked 5 on the ellipse; and 

these two points are manifestly so near each other, that the 

limb of the moon must cover a part of that of the sun, show- 
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log that the eclipse most have oommenced prior to that time, chaf . t . 

To find the time of commencement more exactly, let the hour To find tfa« 

on the moon's path be subdivided into 10 or 5-minate spaces, "?"• •*■** 

and take the sum of the semidiameter of the sun and moon 

in your dividers from the scale C72>, and, with the dividers 

thus open, apply one foot on the moon's path and the other 

on the sun's path, and so adjust them that each foot will stand 

at the same hour and minute on each path as near as the eye 

can decide. The result in this case is 4h. 28 m. The end of 

the eclipse is decided by the dividers in the same manner, and, 

as near as we can determine, must take place i^t 6h. 44 m. 

To find the time of greatest obscuration, we must look *>'^to«iid 
along the moon's path, and discover, as near as possible, from gnn^btnt ob- 
what point a line drawn at right angles from that path will "ovfttioiu 
strike the sun's path at the same hour and minute ; the 
time, thus marked on both paths, will be the time of great- 
est obscuration. 

In this case it appears to be 5 h. 40 m., and the two cen- 
ters are very nearly together; so near, that we cannot decide 
on which side of the sun's center the moon's center will be, 
without a trigonometrical calculation. 

To show a representation of an eclipse at any time during How to find 
its continuance, we must take the semidiameter of the sun in ***• "*«***" 

tndo of the 

the dividers from the scale ; and, from the point of time on ocUpie. 
the sun's path, describe the sun; and, from the same point of 
time on the moon's path, describe a circle with the radius of 
the moon's semidiameter ; the portion of the sun's diameter 
eclipsed, measured by the dividers, aud compared with the 
whole diameter, will give the magnitude of the eolipse as near 
as it can be determined by projection. 
The results of this projection are as foUows: 



App. time. 

Beginning of the eclipse, p. m., 4 h. 28 ul 4 h. 24 m. 39 s. Aoenncy of 
Greatest obsoioation, 6 40 5 36 39 *^"*^- 

End of the eclipse, 6 44 6 40 89 

From the projection the two centers are nearer together 
than the difference of the semidiameter of the sun and moon, 
20 
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Chap. V . And the moon's diameter being least, the eclipse will be (m^ 
mdar, as represented in the projection. 

The above results are, probably, to be relied upon to within 
three minutes. 

We have now done with the projection, as far as the particu- 
lar locality, Boston, is concerned ; but, in consequence of the 
facility of solution, we cannot forbear to solve the following- 
problem: In the same paraUd of latitude as Boston, find the 
hmgiiude where the greater ohscuratUm will be exactly at 2 p. m. 
apparent time, 
Armjtuf From the point 2, in the ellipse, draw a line at right an- 
tut ^em ^^^^ ^^ ^^^ moon's path, and that point must also be 2h. on 
the moon's path; running back to conjunction, we find it 
Howioiv«a. must take place at 1 h. 50 m. ; but tiie conjunction for Green- 
wich time is 8h. 49 m., the difference is 6h. 59 m., correspond- 
ing to 104° 45' west longitude ; we further perceive that the 
sun would there be about 9 digits eclipsed on the sun's south- 
em limb. 
Bow to find Now, admitting this construction to be on mathematical 
mmnn^ principles (as it really is, except the variability of the ele- 
ments ), we can determine the beginning and end of a local 
eclipse to great accuracy, by the application of analtticm 

GBOMSTRT. 

^Yto ^^^ ^^ ^"^^ C® be two rectangular co-ordinates, then 
mid in com- the distance of any point in the projection from the center 
putlog all tho ^^^^ ^ determined by means of equations. 

eiicuutui* , 

oet of an I'Ct X and ^ be the co-ordinates of any point on the sun's 
ooUpie ai path or elliptic curve, and Xand Y the co-ordinates of any^ 
oBo'^dMo. P^^ ^^ ^^® moon's path, then we have tj^ie following equa-? 
tions : 

( 1 ) y==p sin. L cos. Di:p oot. L sin. D cos. 1 1 solar 
( 2 ) x—p COS. Z sin. ^ ) co-ordin. 

(8) r=d±hi^.B h^^.„au»te.. 

(4) X=hi008.B S 

In these remarkable equations, j? is the semidiameter of pro- 
jection, L the latitude, D the sun's declination, t the time 
from apparent noon, d the difference in dadination between 
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8UQ and moon at the instant of conjunction in right ascen- cbaf. v. 
flion, h the moon's hourly motion from the sun, % the interral 
of time from conjunction in right ascension — mtnitf, if before 
conjunction— ^Zt4«, if after ; and B is the angle Z (7 q, or the 
angle which the moon's path makes with CD. 

In the equations, x and X are horizontal distances. In 
equation ( 1 ), the jd^us sign is taken when the hours are on 
the upper side of the ellipse, as in winter ; when on the lower 
side,take the mimis sign. 

In equation ( 3 ), the plus sign b taken when the motion of Ezpia&aUon 
the moon is northward, and the ndnu9 sign when aouihward. ^^ **»• •y»* 

boll. 

The sin. /, or cos. /, means the sin. or cos. of an arc, corre- 
sponding to the time at the rate of 15° to one hour. 

The solar and lunar co-ordinates, or equations ( 1 ), ( 2 ), Th« •ymbol 
( 3 ), and ( 4 ), are connected together by the following equa- 6 
tions ; the minus sign applies to forenoon, the pltia sign to time of con- 
afternoon : jnncUoii in 

" ' tiOB. 

To apply these equations, and, of course, the former ones, 
t, the interval of time from conjunction must be assumed, and, 
as the time of conjunction is known, / thus becomes known ; 
d^ A, and B, are known by the elements; therefore, x, y, and 
X, V, are all known. But the distance between any two 
points referred to co-ordinates, is always expressed by 



J(xu:>Xy+{y(/>rY. 

When an eclipse first commences, or just as it ends, this ex- 
pression must be just equal to the semidiameter of the sun 
and moon ; and if, on computing the value of this expression, 
it is found to be less than that quantity, the sun is eclipsed ; 
if greater, the sun is not eclipsed ; and the result will show 
how much of the moon's limb is over the sun, or how far 
asunder the limbs are, and will, of course, indicate what 
change in the time must be made to correspond with a con- 
tact, or a particular phase of the eclipse. 

For an eclipse absolutely central, and at the time of being 
central, the last expression must equal zero; and, in that 
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case, x^Xy and ys= K In cases of annular eolipses, to find 
the time of fonnation or rapture of the ring, the expression 
musli be put equal to the difference of the semidiameters of 
snn and moon. In short, these expressions accnrately, ef- 
ficiently, and briefly cover the whole subject; and we now 
close by showing thdr application to the case before us 

By the projection we decided that the beginning of the 
eclipse would be at 4 h. 28 m., apparent time at Boston. Call 
this the assumed or approximate time, and for this instant we 
will compute the exact distance between the center of the siin 
and the center of the moon, and if that distance is equal to 
the sum of their semidiameter, then 4h. 28 m. is, in fact, the 
time, otherwise it is not, &c. 

h. B. 1. 

Conjunc. in B. A., app. time, Boston, 4 13 21 
Assume i equal to 15 

Therefore, t is equal to 4 28 21=67^ 5' 15". 

1>=54' 21"=3261. Reduced lat., i=42o g^ 38'', 

i)=2P 11' 43" ; (^=Cr=1824".3 ; A=1659 t=i. ; 

J5=16o 0' 58". 

p 3261 . log. 3.513511 - log. 3.513511 

L 42° 6' 38" sin. 9.826437 - cos. 9.870315 

D 21 11 48 COS. 9.969583 - sin. 9.558149 

I 67 5 15 COS. 9.590288 



2039 JL 
346.8 . 

Sf s=1692.8 



log. 3.309531 .846.3 log. 2.532263 



P 

COS. L 
sin. t 



3.513511 
9.870315 
9.964303 



ir=222a5 log. 3.348129 



For Fand X: 
B I60 0' 58" - 
A»'414".75 

114.5 
add 1324.3 

T^ 1438.8 

(r(Dy)«:264 



sin. 9.440775 

log. 2.617800 

2,058575 



- COS. 9.982804 

- log. 2.617800 
398.6 2.600604 

Jr=398.6 
(«crX)»1829.9. 
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Here are two rides of a right-angled triangle, and tbe hy- Chap. v. 
poihenuse of that triangle is 1857".8, which is the distance 
between the center of the sun and moon at that instant ; but 
the semidiameter of the sun and moon is only 1853"; there- ThetciipM 
fore the eclipse has not yet commenced, and will not nndl the 
moon moves over 4".8; which will require about 9 s., as we 
determined by proportion, because the apparent motion of the 
moon will be almost directly toward the sun. 

When the apparent motion of the moon is not so nearly in 
a line with the sun, as it is in this case, we cahnot proportion 
directly to the result of the correction. In fact, the apparent 
motion of the moon is on one side of a plane right-angled tri* 
angle, and the distance between the center of sun and moon 
is the hypothenuse to that triangle, and the variation of the 
moon on its base varies the hypothenuse, and the computa- 
tion must be made accordingly. 

Hencci, to the assumed time of bctgiiming, 4 h. 28 m. 21 s. 

Add 10 

Beginning, apparent time, - - 4 28 40 

Meantime, - - - * 4 26 19 

By the applitsation of the same expressions, we learn that ''*• "»^»*» 
the greatest obscuration will take place at 4 h. 41 m. mean nn^w^N. 
time at Boston ; and the apparent distance of the moon's cen- «^ *• "w** 
ter win be 18" north of the sun's center ; and, as the moon's t)ig2Samu* 
semidiameter is 57" less than that of the sun, a ring will be ^ 
formed of between 10" and 11" wide at the narrowest point. 
jElnd of the eclipse, 6h. 46 m. 58 s. mean time. 

In computing for the end of the eclipse, we assumed 
t=sl h. 83 m., and as / is more than 6 h., the second part of 
y changes sign, as we see by the figure; the sun after 6, must 
be above the line 6^6. 

Occultations of stars ate computed on the same prineiples 
as an eclipse of the sun, the star having neither diameter nor 
parallax. 

As problems, to give practice to the learner, we take the 
elements of two solar eclipses for 1846, firom the Nautieal 
Almanac, with their results as answers to the problenm: 
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^^^- ^ ' 1LKMEWT8 OF THB aCLIPSBB OF THl SUH. 

1846. April 25. October 19« 

Jl;^ *" Greenwich M. T. of <J in R. A., 4 65 54 -5 19 60 12 .2 
O and (»'s Right Ascension. 2 11 8 -81 13 88 81 -64 

O I II oil! 

A's declination, N. 13 25 19 -8 S. 10 23 43 

O'fl declination, N. 18 13 21 -2 S. 10 16 3 -9 

(9 's hourly motion in B. A^ 33 55 1 30 42 -2 

O'b hourly motion in R. A., 2 21 -3 2 21 -5 

(9'8 hourly motion in dec. N. 8 23 -6 S. 8 37 

O's hourly motion in dec. N. 48 -8 S. 54-1 

(9's equatorial hor. parallax, 67 63 -8 66 33 *4 

o's equatorial hor. parallax, ' 8 *5 8*6 

(9 's true semidiameter, 16 46 -6 16 8 -4 

O's true Bemidiameter, 15 64 *5 16 6 -6 

Va ABBJL acupsi. ^ 

^^■•^ ^ Begins on the earth generally April 26 d. 2 h. 2 m. 4 s., moan 

time at Greenwich, in longitude 119^ 40' W. of Greenwich, 

and latitude 6^ 15' S. 
Central Eclipse begins generally April 26 d. 8 h. 3 m. 3 s. 

in longitude 135^ 61' W. of Greenwich, and kt. 2^ 11' S. 
Central eclipse at noon, April 25 d. 4 h. 55 m. 9 s. 

in longitude 74^ 31' W. of Greenwich, and lat. 25^ 21' N. 
Central eclipse ends generally April 26 d. 6 h. 37 m. 6 s. 

in longitude 3^ 43' W. of Greenwich, and lat. 24^ 56' N. 
Ends on the earth generally April 25 d. 7 h. 38 m. 6 s. 

in longitude 20^ 4' W. of Greenwich, and lat. 20^ 62' N. 

THE OOTOBER BOLIPSB. * 

Begins on the earth generally October. 19 d. 16h. 46 m. 7 s. 
mean time at Greenwich, in lon^tude 16^ 21' E. of Green- 
wich, and ktitude 9^ 60' N. 

Central eclipse begins generally October 19 d. 17 h. 52 m. s. 
m longitude 0° 32' W. of Greenwich, and lat. 6° 44' N. 

Central eclipse at noon, October 19 d. 19 h. 50 m. 2 s 

in longitude 68<> 41' B. of Greenwich, and lat. 19'=> 22' S. 
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ECLIPSES. 301 

Central Eclipse ends generally October 19 d. 21 h. 88 m. 98. cha^.t, 
in longitude 126° 5' B. of Greenwich, and lat. 23° 51' S. 

Ends on the earth generally October 19 d. 22 h. 44 m'. 1 a. 
in longitude 109° 6' E. of Greenwich, and lat. 20° 47' S. 

The following is a catalogue of the solar eclipses that will 
be visible in New England and New York, betwo^n the years 
1850 and 1900; the dates are given in civil, not astronomi- 
oal, time. 

1851, July 28th, Digits eclipsed, 8f , on sun's northern limb. B*a«i«tiBf 
1854, May 26th. As*computed in the work. fiomlisio t» 

1858, March 15th. Sun rises eclipsed. Greatest obscura- iwo. 

tion, 5| digits on sun's southern limb. 

1859, July 29th. Digits eclipsed, 2|, on sun's northern limb. 

1860, July 18th. Digits eclipsed, 6, on sun's northern limb. 

1861, December 81st. Sun rises eclipsed. Digits eclipsed 

at greatest obscuration, 4^, on sun's southern limb. 

1865, October 19th. Digits eclipsed, 8^ on sun's southern 

limb. 

1866, October 8th. ^ digit edipsed. South of New York 

no eclipse. 
1869, August 7th. Digits edipsed, 10, on sun's southern 

limb. This eclipse will be total in North Carolina. 
1878, May 25th. Sun and moon in contact at sunrise, 

Boston. 

1875, September 29th. Sun rises eclipsed. This eclipse 

will be annular in Boston, Maine, New Hampshire, 
and Vermont. 

1876, March 25th. Digits eclipsed, 8|, on sun's northern 

limb. 
1878, July 29th. Digits eclipsed, 7^, on sun's southern 

limb. This is the fourth return of the total eclipse 

pf 1806. 
1880, December 81st. Sun rises eclipsed. Digits eclipsed 

at greatest obscuration, 5^, on sun's northern limb. 
1885, March 16Ch. Digits eclipsed, 6|, on sun's northern 

limb. 
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802 ASTRONOMY. 

<^"^'^' 1886, Avgnit 28ih. NorA of MaiiMiraielU no edipie; 

Btatiatiw fomih, raneoiipted. 

tm'S^ 1892, Oetobor 20Ui. Digito edipied, 8, on inn's norihoni 
mo. limb. 

1897, Jnly 29ih. Bigito edipied, 4^, on ion's Kmtliern 

limb. 
1900, Mmj 28ih. Sigiti eolipsed, 11, on nm'i ionth«rn 
linb. The ion wiU be totaDy edipMd m the State 
of VIrginin. 
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TABLES. 1 

IXtBAOIS YBOH THE NAUTIOAL ALMANAO lOB JANUABT, 1846. 



THE SUN'S 
Apparent 



Longitude. 



Latitude. 



Noon. 



Noon. 



Logar. 
of the 
Radius 
Vector 
of tlie 
Earth. 



Noon. 



THE MOON'S 



Longitude. 



Noon. 



Latitude. 



Noon. 



Semi- 



Noon. 



Hor. 
Parol. 



Noon. 



1 280 46 15.3 

2 281 47 26.1 

3 282 48 36.5 

4 283 49 46.5 

5 284 50 56.1 

6 285 52 5.3 

286 53 13.9 

8 287 54 22.0 

9 288 55 29.7 

10 289 56 36.8 

11 290 57 43.4 

12 291 58 49*5 

13 292 59 55.3 

14 294 1 0.5 

15 295 2 5.4 



N.0.49 |9.9926€|330 
0.45 
0.37 



21 



16 296 

17 297 



19 299 
20^)00 



301 



3 9.9 

4 14.0 

5 17.8 

6 21.2 

7 24.2 

8 26.7 



9.9926€ 345 



9.99267 



42 13.9 

7 12.0 

|359 4 55.4 



N.4 54 
424 
3 39 



16 21.1 

16 8.: 
15 53.9 



660 



2.3 
13.5 
58 20.5 



359 



2S 302 9 28.9 

23 303 10 30.^ 

24 304 11 31.3 

25 305 12 31.5 
^ 306 13 30.9 

27 307 14 39.3 

28 308 15 26.8 

29 309 16 2Si3 

30 310 17 18.5 

31 311 18 12.6 



0.27 

0.16 

NA03 

S.0.11 
0.25 
0.38 

0.49 
0.58 
0.65 

0.70 
0.71 
0.69 

0.64 
0.57 
0.47 

0.35 

0.23 

S.0.09 

K.0.04 
0.15 
0.25 



9.99267 
9.99268 
3.99268 

3.99270 
9.99271 
3.9927S 



12 35 34.7 
25 41 31.5 
38 26 25, 



ON. 



50 54 23.28. 
63 9 30.1 
75 15 21.8 



9.99274 
9.99277 



87 14 56.3 

99 10 31.3 

9.992791111 3 50.8 



2 43 1.9 
1 39 55.7 
.0 33 28.3 

.0 33 3.6 

1 36 46.8 

2 35 8.6 

3 25 55.4 

4 7 13.7 
4 37 30.7 



57 28.7 

56 40.8 

15.255 58.7 



15 39.8 
15 26.7 
15 



15 5 
14 57. 
14 



655 

654 

51.554 



23.3 
54.1 
31.6 



46.9|54 14.6 

3.3 

53 57.0 



14 
14 
14 42.1 



43.854 



9.99282 122 56 17.6 4 55 38.9 
9.99286 134 49 7.9 5 56.4 
9.992881146 43 48^ 4 53 7.6 



9.99292 158 42 11.3 
9.99295 170 46 44.8 
9.99299183 38.7 

9.99304 195 27 41.8 

9.99305 208 12 10.4 
9.99313 221 18 27 



58. 



9.99318 234 50 26.7 
9.99323 248 50 42.5 
9.99328 263 19 30.4 



9.99334 278 



0.33 
0.38 
0.40 I9.99345|308 



9^339 293 



6.40 
0.37 
0.30 
0.21 



321312 19 5.3 NX).10 19.99375 

■ It ■ > l I M , ■■, , ) I 



9.99351324 



99357 339 
.99363 353 



9.1 
9.1 
9.993691 



13 48.8 
26 49i2 
48 22.8 



6 34.0 
9 55.3 
49 32.0 
8 13.1 



21 40 34.3 



14 41.7 
14 42.8 
14 45.5 



53 55.7 

53 59.8 

54 9.7 



4 32 23.1 
3 59 17.1 
3 14 47.1 

2 20 14.2 
1 17 27.8 
8 53.1 



15 

15 27.7 

15 



N.l 2 20.5 

2 12 11.7 

3 15 50.9 



4 53 45.4 
4 27 32.9 
3 44 Bil 

2 47 58.7 



50.054 26.0 

54 49.0 

19.7 



14 

14 56.3 

15 4.1 



655 



15.255 58.4 

56 44.4 

42.057 37.0 



15 
16 
16 26.2 



4 8 2.8 
4 43 49.4 
4 59 32.4|l6 43.561 



16 36. 
16 42.9 
43.i 



16 38.7 
16 28. 
16 15.6 
16 0i|58 



N.1 43 50.615 44i{|57 45.1 



57.358 32.9 

12.559 28.8 

60 19.0 



860 



57.9 

61 20J2 

22.6 



61 4.9 
29.1 

59 40.2 
43.7 
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TABLES. 
TABLE I. 

MEAN ASISONOMIOAL BIFBACITIQN8. 
Barometer 30 in. Thermometer, Fah. 50^. 



Ap.Alt. 


Sefr. 


Ap. Alt. 


Refr. 


Ap. Alt. 


B«fr. 


Alt. 


B«fr. ^ 


o^(y 


33' 51" 


4^ 0' 


11' 52" 


12^0' 


4' 28.1" 


439 


1 4.6' 


5 


32 53 


10 


11 30 


10 


4 24.4 


43 


1 2.4 


10 


31 58 


20 


11 10 


20 


4 20.8 


44 


1 0.3 


15 


31 5 


30 


10 60 


30 


4 17.3 


45 


58.1 


20 


30 13 


40 


10 32 


40 


4 13.9 


46 


56.1 


25 


23 24 


50 


10 15 


50 


4 10.7 


47 


54.2 


30 


28 37 


5 


9 58 


i3 


4 7.5 


48 


52.3 


35 


27 51 


10 


9 42 


10 


4 4.4 


49 


50.5 


40 


27 6 


20 


9 27 


20 


4 1.4 


50 


43.8 


45 


26 24 


30 


9 11 


80 


3 58.4 


51 


47.1 


50 


25 43 


40 


8 58 


40 


3 55.5 


52 


45.4 


55 


25 3 


50 


845 


50 


8 52.6 


53 


43.8 


1 


24 25 


6 


8 32 


14 


3 49.9 


54 


42.2 


5 


23 48 


10 


820 


10 


3 47.1 


55 


40.8 


10 


23 13 


20 


8 9 


20 


3 44.4 


56 


39.3 


15 


22 40 


30 


7 58 


30 


3 41.8 


57 


37.8 


20 


22 8 


40 


7 47 


40 


3 39.2 


58 


36.4 


25 


21 37 


50 


7 37 


50 


3 36.7 


59 


35.0 


30 


21 7 


7 


7 27 


15 


3 31.3 


60 


33.6 


35 


20 38 


10 


7 17 


15 30 


3 27.3 


61 


32.3 


40 


20 10 


20 


7 8 


16 


3 20.6 


62 


31.0 


45 


19 43 


30 


6 59 


16 30 


3 14.4 


63 


29.7 


50 


19 17 


40 


6 51 


17 


3 8.5 


64 


28.4 


55 


18 52 


50 


643 


17 30 


3 2.9 


65 


27.2 


2 


18 29 


8 


6 35 


18 


2 57.6 


66 


25.9 


5 


18 5 


10 


6 28 


19 


2 47.7 


67 


24.7 


10 


17 43 


20 


6 21 


20 


2 38.7 


68 


23.5 


15 


17 21 


30 


6 14 


21 


2 30.5 


69 


22.4 


20 


17 


40 


6 ? 


22 


2 23.2 


70 


21.2 


25 


16 40 


50 


6 


23 


2 16.5 


tl 


19.9 


30 


16 21 


9 


554 


24 


2 10.1 


72 


18.8 


35 


16 2 


10 


5 47 


25 


2 4.2 


73 


17.7 


40 


15 43 


20 


5 41 


26 


1 58.8 


74 


16.6 


. 45 


15 25 


30 


5 36 


27 


1 53.8 


75 


15.5 


50 


15 8 


40 


5 30 


28 


1 49.1 


76 


14.4 


55 


14.51 


50 


5 25 


29 


1 44.7 


77 


13.4 


3 


14 35 


10 


5 20 


30 


1 40.5 


78 


12.3 


5 


14 19 


10 


5 15 


.31 


1 36.6 


79 


11.2 


10 


14 4 


20 


5 10 


32 


1 33.0 


80 


10.2 


15 


13 50 


30 


5 5 


33 


1 29.5 


81 


9.2 


20 


13 35 


40 


5 


34 


1 26.1 


82 


8.2 


25 


13 21 


50 


4 56 


35 


1 23.0 


83 


7.1 


30 


13 7 


11 


4 51 


36 


1 20.0 


84 


6.1 


35 


12 53 


10 


4 47 


37 


1 17.1 


•85 


5.1 


40 


12 41 


20 


4 43 


38 


1 14.4 


86 


4.1 


45 


12 28 


30 


4 39 


39 


1 11.8 


87 


3.1 


50 


12 16 


40 


4 35 


40 


1 9.3 


88 


2.0 


55 


12 3 


50 


4 31 


41 


1 6.9 


89 


1.0 
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TABLE C. 



COBBSCTION OF MBAN KIFRAOTION. 











Hlght 


of the Thennometer. 












I"?; 


240 


280 


320 


360 


40O 


440 


520 


560 


6O0 


640 


680 


72C 


760 


8OO 


o / 


'+" 


'+" 


'+" 


'-f"- 


'+" 


'+" 


/__" 


/_// 


/, // 


/ // 


/ // 


/_ / 


/-_" 


'_" 


0.00 


2.18 


1.55 


1.33 


1.11 


51 


31 


10 


29 


48 


1.07 


1.25 


143 


2.01 


2.19 


0.10 


2.12 


1.49 


1.28 


1.08 


48 


29 


9 


27 


45 


1.04 


1.21 
1.17 


1.38 


1.54 


2.12 


0.20 


2.05 


1.44 


1.24 


1.04 


46 


28 


9 


26 


44 


1.01 


1.33 


1.49 


2.05 


0.30 


1.59 


1.39 


1.20 


1.01 


44 


26 


8 


25 


41 


58 


1.13 


1,28 


1.43 


1.59 


0.40 


1.53 


1.34 


1.16 


58 


42 


25 


8 


24 


39 


55 


lao 


1.24 


1.38 


1.53 


0.50 


1.48 


1.29 


1.12 


55 


40 


24 


8 


23 


37 


52 


1.06 


1.20 


1.34 


1.48 


1.00 


1,43 


1.25 


1.09 


53 


38 


23 


7 


21 


36 


50 


1.03 


1.17 


1.30 


1.43 


1.10 


1.38 


1.21 


1.06 


50 


36 


22 


7 


20 


34 


48 


1.00 


1.13 


1.26 


i.38 


1.20 


1.33 


1.17 


1.03 


48 


34 


21 


6 


19 


32 


45 


57 


1.09 


1.21 


1.33 


1.30 


1.29 


1.14 


1.00 


If? 


32 


20 


6 


18 


31 


43 


54 


1.06 


1.18 


1.29 


1,40 


1.25 


1.11 


57 


44 


31 


18 


6 


18 


30 


41 


52 


1.04 


1.15 


1.25 


1.50 


1.21 


1.08 


55 


• 42 


30 


17 


6 


17 


28 


39 


50 


1.01 


1.11 


1.21 


2.00 


1.18 


1.05 


53 


39 


29 


17 


5 


16 


27 


37 


48 


58 


1.08 


1.18 


2.20 


1.11 


1.00 


48 


37 


26 


16 


5 


15 


25 


35 


44 


54 


1.03 


1.11 


2.40 


1.06 


55 


44 


34 


24 


14 


5 


14 


23 


32 


41 


50 


58 


1.06 


3.00 


1.01 


51 


41 


32 


22 


13 




13 


21 


30 


38 


46 


54 


1.01 


3.20 


57 


47 


38 


29 


21 


13 




12 


20 


28 


35 


43 


50 


.57 


3.40 


53 


44 


36 


28 


20 


12 




11 


18 


26 


33 


40 


47 


53 


4.00 


49 


41 


33 


26 


18 


11 




10 


17 


24 


31 


37 


44 


50 


4.30 


45 


38 


31 


24 


17 


10 




9 


16 


22 


28 


34 


40 


45 


5.00 


41 


35 


28 


22 


16 


9 


3 


9 


14 


20 


26 


31 


36 


40 


5.30 


38 


32 


26 


20 


14 


9. 


3 


8 


13 


19 


24 


29 


34 


38 


6.00 


35 


30 


24 


19 


13 


8 


2 


7* 


12 


17 


22 


26 


31 


35 


6.30 


33 


28 


22 


17 


12 


7 


2 


7 


11 


15 


20 


24 


29 


33 


7.00 


31 


26 


21 


16 


12 


7 


2 


6- 


10 


14 


19 


23 


27 


31 


8 


27 


23 


19 


15 


10 


8 


2 


5 


9 


13 


16 


20 


24 


27 


9 


24 


20 


16 


13 


9 


5 


2 


5 


8 


11 


14 


18 


21 


24 


10 


22 


18 


15 


12 


8 


5 




4 


7 


10 


13 


16 


19 


22 


11 


20 


17 


14 


11 


8 


5 




4 


7 


9 


12 


15 


18 


20 


12 


18 


15 


13 


10 


7 


4 




•4 


8 


9 


11 


13 


16 


la 


1J3 


17 


14 


12 


^ 


^ 7 


4 




3 


6 


8 


10 


12 


15 


17 


14 


16 


13 


11 


8 


6 


4 




3 


5 


7 


9 


11 


14 


16 


15 


15 


12 


10 


8 


6 


3 




8 


5 


7 


9 


11 


13 


15 


16 


14 


12 


9 


7 


5 


3 




3 


5 


6 


8 


10 


12 


14 


17 


13 


11 


9 


7 


5 


3 




3 


4 


6 


8 


9 


.11 


13 


18 


12 


10 


8 


6 


5 


3 




2 


4 


6 


7 


9 


10 


12 


19 


11 


9 


8 


6 


4 


3 




2 


4 


5 


7 


8 


10 


11 


20 


11 


9 


7 


6 


4 


2 




2 


4 


5 


6 


8 


9 


11 


21 


10 


9 


7 


5 


4 


2 




2 


3 


5 


6 


7 


9 


10 


22 


10 


8 


7 


5 


4 


2 




2 


3 


5 


6 


7 


8 


10 


23 


9 


8 


6 


5 


4 


2 




2 


3 


4 


6 


7 


8 


9 


24 


9. 


7 


6 


5 


3 


2 




2 


3 


4 


5 


6 


8 


9 


25 


8 


7 


6 


5 


3 


2 




2 


3 


4 


5 


6 


7 


8 


26 


8 


7 


6 


4 


3 


2 




2 


3 


4 


5 


6 


7 


8 


27 


8 


8 


5 


4 


3 


2 




2 


3 


4 


5 


6 


7 


8 


28 


7 


e 


5 


4 


3 


2 





1 


2 


3 


5 


5 


6 


7 


30 


7 


6 


5 


4 


3 


3 





1 
30"fe5 


2 


3 


4 


5 


6 


7 




aa^ 


28^56 


28l5 


29I5 


^S 


30^ 


3ol64 


30.93 






HightoftheBarome 


ter. 




20 
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\ TABLES. 

TABLE II. 

MBAN PLA018 lOB 100 PBINOIPAL VIZXD BTABg, fOB JAN. 1, 1846. 



SUi't Nane. 



h. m. I. 
26^7 
2.3| 5 18.691 



Bight Abmh. 



Annual Yw, 



Declination. 



Ann. Yai; 



A AnatLOUVDMt 

y PXGASi (AJgefdb),. 

^Hydri 

A Cabsiopeje, 



Ceti, 

A Uu.MiN. iPolarU),.. 

diCcti, 

« EridanI (Aehemar), . . 



a AsiEiis, 

y Ceti, 

« Ckti, . . . , 
A Pduiki, . . 



9 Tauri, 

yi Eridani, 

A Tavmi (Aldebaran),.. 
A Auriga (CapeUa), . . . 



OuoNiB (Rigd)t . 
/8 Tauw 

i' OUONIS, 

A Lepris, 



i OSIOHIB, .... 

A Columbe,... 

« Orionis, 

/ti GeminonuD, 



4 Ar^s (Canapya), . . . . 

51 (Hev.)CepKei 

A Canib Maj. (fi^trtut),. . 
• Canis Majoris, 



^ Geminornm, 

a^Gemuiok. (Ca9tor), . . . 
A Can. Mm. (Procyon),. 
Geminor. (PoUux),,., 



17 34.168 
31 48^4 

35 51.339 
2.31 1 3 5Si226 



3 
3 

|3.3| 



deg. min. lec. 

+ 3.0720 N.28 14 25.40+20.055 
3.0784 N.14 19 37.80 30.050 
3.3054*8.78 7 24.40 19.997 
3.3418 |N.55 41 31.08 19.862 



1 16 19.692 
1 31 58.291 



+ 2.9995 
17.1346»|N, 
3.0015 
2.2339 



S.18 49 59.0114.19.810 

.88 *!9 17.88 19.279 

S. 8 58 45.93 18.952 

3.58 1 14.34 18.461 



,193 + 



1 58 30. 

2 35 19.633 
3| 2 54 14.072 
3 3 13 21403 



3.3475 
3.1085 
3.1266 
4.2324 



N.22 43 53.1 
N. 2 35 1.17 
N. 3 28 55.70 
N.49 18 28.20 



.86+17, 



,432 
15.621 
14.532 
13.329 



1 
1 

1 

2 

2 

3.4 

2.3 
2 

1 
3 

1 

6 

1 

2.3^ 



3 38 20.382+ 3.5473 
-. . 2.7898 

3.4274 
4.4082 



2.3 3 50 50.760 



4 27 5.404 

5 5 19.317 



N.23 37 27.' 
S. 13 57 1.50 
N.16 11 41.39 
N.45 50 6.56 



.73+ll.( 



10.711 
7J07 
4.737 



5 7 8.383 + 
5 16 33.662 
5 24 8.428 
5 25 56.406 



,062 + 



5 28 24. 
5 34 4.531 

5 46 50.189 

6 13 38.621 



2.8787 
3.7827 
3.0609 
2.6425 

3.0404 
2.1691 
3.2433 
3.6157 



3.33 + 



S. 8 23 
N.28 28 17.49 
3 25 4.86 
S. 17 56 12.77 



4.583 
3.776 
3.123 
2.968 



S. 1 18 17.531+ 2.754 

S. 34 9 36,95 

N. 7 22 22.32+ 1.149 
Ni22 35 13.16-- 1.196 



32.145 + 



6 20 

6 26 30.287 
6 38 21.883 
6 52 34.440 



1.3279 S.52 36 49.17 
30.7946 N.87 15 31.20 
2.6459* S. 16 30 32.83 
2.3558 S.28 45 59.38 



3.4 
3 

1 
2 



9 



15 Ar^B 

• Hydne, 

i UrsflB Majoris,. 
t ArgUB, 



3.^ 

4 

3.4 
2 



7 10 55^298 + 
7 24 46.065 
7 31 14.237 

7 35 53.153 

8 59.232 + 
8 38 37.154 

8 48 38.088 

9 12 58.192 



3.5918 
3.8561 
3.1445* 
3.6829* N.28 



N.22 15 37.47 

N.32 13 12.93 

N. 5 36 54.95 

23 34.06 



2.5596 
3.1966 
4.1261* 
1.6100 



S.23 51 50.94 
N. 6 58 48.51 
N.48 38 32.35 
58 37 49.78 



A Htdils, 

d UnHB Majoris, 

g LeoniB, 

A Leonis (fi^^llillB), . • • 



9 20 1.170+ 2.9499 IS. 

9 22 31.453 

9 37 6.098 
10 10.0621+ 



7 59 39.05 
4.0504«|NJS2 22 31.09 
NSU 28 49.46 
Na2 43 



3.4258 
3.2211 



.i;796 
2.337 
4.484* 
4.562 

I— 6.110 
7.253 
a758* 
8.152 

—10.104 
12.800 
13.464 
14.961 

—15.366 
16.108* 
16.283 



236—17.377 
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TABLE II. 



Stu'i Name. 



9 Argus, 

« Ubsjb Majous, 

/ Lkonis, 

/ Hydrse et Cr&teris, . . 

LxotaB, 

y Umjb Majoris, 

ChamsBleontiB, 

AiCrucis 

Corvi, 

12 Ganum Venaticorum. 
A VuGiNis (Spiea),. . . . 
n UBSiE Majokib, 

« Bootis, 

/8 Centauri, 

A BooTis, (Areturus), . 
u.^ Centauri, 

« BOOTIS, 

dU» LiBlLE, 

Ursa Minorzs, 

/i Libra, 

« COBONJB BOBXALIS, .. 

A Serpentis, 

( Urate Minoris, 

/giScorpii, 

1 0PHI17CHI, 

A ScoRPii, (Antares), . . 

IT Draconis, 

A Trianguli Australis, . 

g Urss Minoris, 

A Hercuus, 

«> Oetentif, 

/i Draconis, 

A Ophxitchi, 

y Draconis, 

/ui Sagittarii, 

/ URSiB Minoris, 

A Lyrji (Ffg^a), 

Ltrjb, 

^ Aquiub, 

i AqxnLJB 

y AQUIUB, 

A Aquiue, (AUair), . . 

A^miJB 

«s Capricorn!, 



2 

1 
3 
3.4 



3.311 41 19.066 +3.0654* 
2 11 45 42.219 3.1874 
5 12 9 26.893 3^09 
1 12 18 4.916 3.2710 



.312 26 
.|2.dl2 48 49.007 
13 17 5.233 
41 27.894 



14 38 15.71 
14 42 22.132 
14 51 13.199 
2.3115 8 43.595 



10 39 6.223 
54 10.737 

11 5 54.583 
11 11 38.718 



210 



913 



13 47 21 

13 53 0.800 

14 8 38.366 
14 29 11.925 



3.419 



Right AiMB. Aaanal Var. 



4- 2 J051 
3.8001 
3.1928 
3.0010 



18.465+3.1342 

2.8403 

3.1512 
2.3525* 



140 + 



15 28 10.083 
36 41.077 
15 49 41.194 
15 56 29.397 



315 



830 + 



16 6 16.1 
16 19 58.461 
16 21 55.119 
16 32 25.090 



17 



1 55.988 

3.4|l7 7 37.617 

17 22 55.004 

17 26 57473 



17 27 

17 53 1.955 
3.4 18 4 33 

18 22 0.703 



.276 + 



18 31 43.386 + 
18 44 23.696 
18 58 19.965 
17 43.1 



889 + 



19 38 

43 16.128 
47 44.866 

120 9 30.316 



219 
419 



S.58 52 34.26 
N.62 34 51.81 
N.21 21 59.86 
S. 13 56 46.85 



N.15 25 
N.54 33 3.18 
S. 78 27 26.15 
3.62 14 39.74 



S.22 82 39.93 
N.39 9 4.18 
3.10 21 20.80 
N.50 5 1.45 



N.19 10 21i>3- 

8.59 37 33.93 

N.19 59 12.07 

0165* S. 60 11 37.00 



2.8606 
4.1508 
2.7336* 
4, 



3.3102 
0.2692 
+ 3.2226 

+ 2.5279 
+ 2.9391 
2.3520 
+ 3.4742 



N.27 43 35. 
S. 15 23 53.52 
N.74 47 5.58 
3. 8 48 38.53 



3.1382 
3.6638 
0.7960 
+ 6.2587 

— 6.5328* 
+ 2.7320 
106.8627 
1.3513 



47.219 + 2.7727 

1.3900 

3.5861 



2.0118 
2.2124 
2.7566 
3.0086 



56.278+2.8511 
2. 

2.9446 
3.3315 



DMliaatiOB. 



Ann. Yar. 



!1§ 



58.12—19. 



—19.92 
19.60 
18.94 
18.12 



N.27 14 11.07 
N. 6 54 49. 
N.78 15 55.43 
S. 19. 22 44.18 

S. 3 17 35.67 
S.26 5 4.58 
N.61 51 50.58 
S.68 44 4.75 

N.82 16 52.30 
N.14 34 12.67 
S. 89 16 10.25 
N.52 25 3.28 



N.12 40 37.11 

N.51 30 33.50 

S.21 5 36.14 

19.2683* N.86 35 42.58 



N.38 38 35.! 
N.33 11 14.80 
N.13 38 20.49 
N. 2 48 43. 



N.IO 14 31. 

9254* N. 8 27 54.32 

N. 6 1 33.90 

S.13 1 4.19 



-18.82 
19.24 
19.50 
19.61 



9.99 
20.02 
20.04 
19.99 



—17.89 
17.67 
18.94* 
15.12* 

—15.46 
15.23 
14.71 
13.63 

-12.33 
11.74 
10.80 
10^ 

— 9.55 

8.48 
8.32 
7.48 

— 5.03 
4.54 
3.14 

2.88 



— 2.81 

0.61 

[+ 0.40 

+ 1.91 



.33 + 



64 + 



2.77 
3.86 
5.05 
6.67 



.50 + 



6.39 
a74 
8.55« 
10.74 
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TABLES. 



8ur*t Nm«. 



Ril^AiMS. Aanval Tv. 



DeelinatioB. An. V«r 



« Payonis, 

y Un» Minoris, 

A Ctoni, 

GIiCygni, 



Cygni,... 
« Cbphbi, . . 
/8 Aquamii, . 
/8 CspHsi, . . 



• PegMi,... 
ct Aqdakii, . 
« Oruis, . . . 
{ Pegasi, . . 



A Pi8. AuB. (Fmnalhaut), 
A PiGAsi (JlfarAra6), . . . . 

I PlMiam, 

^ Cephei, 



20 13 25.814 
20 16 
20 36 11 
5.6 20 59 59.947 



31.309^-52 



.005 + 



deff. min. tec. 

+ 4.8046 S.57 13 19.50U-11.03 
^ —^1273 N.88 50 53.54 11.22 
2.0418 N.44 43 57.43 12.64 
2.6908* N.37 59 42.08 17.48* 



073 + 



21 6 23.1 
21 14 53.940 
21 23 26.875 
21 26 39.120 



2.3 21 36 37.346 + 
-- 21 57 52.326 

21 58 29.837 

22 33 46.976 



2.5486 
1.4163 
3.1628 
0.8059 

2.9441 
3.0831 
3.8134 
2.9837 



N.29 35 53.03+14.57 
N.61 56 4.55 15.07 
3. 6 14 44.46 15.56 
N.69 53 7.21 15.73 



N. 9 10 17.35+16.26 

- - 17,28 

17.30 
18.65 



531 + 



22 49 7.1 

22 57 5.584 
4.5 23 32 1.736 

23 33 4.581 



IS. 1 3 56.72 
S.47 42 12.42 
N.10 1 44.67 



3.3095 IS.30 26 12.28+19.11 
2.9776 &.14 22 40.12 19.31 
3.0569 IN. 4 47 30.74 19.36» 
+ 2.4042 |n.76 46 22.01 +19.92 



Thoee Annual Variations which include proper motion are distinguiahed by 
an Asterisk. 



sun's bight asosnsion fob 1846. 



".7 

Mo. 


January. 


Febraary. 


Manb. 


April. 


May. 


Jane. 




h. m. t. 


h. m. t. 


h, m. i. 


h. m. i>. 


h. m. a. 


h. m. 1. 


1 


18 46 52 


20 59 11 


22 48 17 


41 52 


2 23 6 


435 48 


5 


19 4 30 


21 15 22 


23 3 12 


56 26 


248 25 


4 52 12 


10 


19 26 21 


21 35 18 


23 21 40 


1 14 43 


3 7 47 


5 12 50, 


15 


19 47 57 


21 54 54 


23 40 


1 33 6 


3 27 24 


5 33 34 


20 


20 9 17 


22 14 12 


23 58 14 


1 51 38 


3 47 15 


5 54 22 


25 


20 30 19 


22 33 14 


16 25 


2 10 22 


4 7 20 


6 15 10 


30 


20 51 




34 36 


2 29 17 


4 27 38 


6 35 55 


Mo. 


July. 


Aagnat. 


September. 


October. 


November. 


December. 




h. m. s. 


h. m. t. 


h. m. t. 


h. m. t. 


h. m. t. 


fa. m. 1. 


1 


6. 40 4 


8 44 55 


10 41 


12 29 4 


14 25 16 


16 29 1 


5 


6 56 34 


9 23 


10 55 29 


12 43 36 


14 41 2 


16 46 23 


10 


7 17 5 


9 19 29 


11 13 30 


13 1 54 


15 1 5 


17 8 17 


15 


7 37 25 


9 38 21 


11 31 28 


13 20 24 


15 21 28 


17 30 22 


20 


7 57 33 


9 56 60 


11 49 25 


13 39 8 


15 42 14 


17 52 33 


25 


8 17 28 


10 15 27 


12 7 24 


13 58 9 


16 3 19 


18 14 46 


30 


8 37 7 


10 33 44 


12 25 27 


14 17 27 


16 24 43 


18 36 57 



The R. A.in this table will answer for corresponding days in other years within 
four minutes; and for periods of four yean, the difference is only about sevea 
seconds for eaoh period. 
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TABLE III. 



TABITLAB TIXW 07 THE 80LAB 8TSTJ5M. 



Mean ditt.; 
th« Earth't 
dist. unity. 



Log. of 

moan 
distance. 



Time of foroln- 

tioni round 

the San. 



Log. of 
timet of 
revolution. 



Names. 



Meaa diameter 
iamiloi. 



Mean distance 

from the Son 

in milet. 



San 

Mercury 

Venus 

The Earth 

Mara 

Vesta 

Iris 

Hebe 

Flora 

Astrea 

Juno 

Ceres 

Pallas 

Jupiter 

Saturn 

Uranus 

Neptuao 



883000 
3224 
7687 
7912 
4189 
238 

> Unknown 

1420 
Not well (160 
known. }120 
89170 
79040 
35000 
35000 



37 million 

68 

95 
144 

224,340,000 
226 million 
230 
240 
246 

253,600,000 
263,236,000 
265 million 
490 
900 
1800 
2850 



0.3870989.587818 
0.7233329.859306 
1.0000000.000000 
1.5236920.182810 



2.36120 

2.37880 

2.42190 

2.52630 

2.5895 

2.66514 

2.76910 

2.77125 



0.373100 
0.376384 
0.384004 
0.402487 
0.413211 
0.425fl0 
0.442334 
6.442725 



5.20277610.716212 

9.5387860.979476 

19.1823901.282853 

29.59 1.477121 



DATS. 

87.96925811.944324 
224.700787 2.351610 
365.2563832.562598 
686.9796462.836942 



1324.289 
1327.973 



3.121991 
3.123190 



1375. nearly 3.138303 

1469.76 3.167300 

1512. nearly 3.179547 

1594.721 3.202700 

1683.064 3.226086 

1685.162 3.226610 

4332.584821 3.636738 

10759.2198174.031718 

30686.8208 4.486953 

60128.14 14.779076 



TABLE m. 

BLIUXNTS 01 OBBITI VOE THE EPOCH 07 1850, JAEUAET 1, MEAN NOON 
AT GBSENWIOH. 





Inclination 


Yaxiation 


Long, of the 


Variation 


Longitude 


. Variation 


Mean longi- 


Planets. 


of orbits to 


in 100 


ascending 


in 100 


Sf 


in 100 


tude at 




eelipao. 


years. 


. nodes. 


years. 


PeriheUton. 


years. 


epoch. 




O t ft 


u 


O ' " 


/ 


O ' " 


* 


O ' " 


Mercury 


7 18 


+18,2 


46 34 40 




75 9 47 


+93 

--78 


327 17 9 


Venus 


3 23 26 


-4.6 


75 17 40 


-1^1 


129 22 53 


243 58 4 


Earth 










100 22 10 


103 


100 47 1 


Mara 


1 51 6 


-0.2 


48 20 24 


—42 
--26 


333 17 57 


+110 


182 9 30 


Vesta 


7 829 


—12. 


103 20 47 


254 434 


157 


113 28 12 


Juno 


13 2 53 




170 53 




54 18 32 




165 17 38 


Ceres 


10 37 17 




80 47 56 




147 25 41 




1 3 10 


Pallas 


34 37 44 




172 42 38 




121 30 13 




327 31 24 


Jupiter 


1 18 42 


—22. 


98 55 19 


--57 


11 56 


-- 95 


160 21 50 


Saturn 


2 29 29 


—15. 


112 22 54 


--51 


90 7 


--116 


13 58 13 


Uranus 


46 27 


3. 


73 12 


+34 


168 14 47 


+ 87 


28 20 22 



* It is with reluctance- that we give these planets a place in the tables. The 
fact of their existence is as yet questionable, and their elements, at present, cannot 
he well known. We give the logarithms in the tables, that the data may be «t 
haad to exereiia the student on Keplor's third law. 
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TABLE UL 
TABULAS YIMW 01 THE 0OLAS 



NasM. 


Mua. 


Dearitj. 


ChraWtj. 


8id«r»al 


Ug^ 










h. m. 8. 




Mercnrf . . 


1«llill 


3.944 


Ii22 


94 5 98 


6.680 


V6ASa«« • • • 


ttAtt 


0.994 


0.06 


23 91 7 


1.911 


Earth 


ttiVtt 


1.000 


1.00 


94 


1.000 


Man 


irTTTTT 


0.973 


QJSO 


94 39 91 


.431 


Jupiter.... 


ttIt.t 


0.232 


2.70 


9 55 50 


.037 


Saturn. . . . 


Tth.j 


0.139 


1.25 


10 99 17 


.011 


Uranus . . . 


TT¥TT 


0.246 


1.06 


Unknown. 


.003 


Sun. 


1 


0.256 


28.19 


95 19 




Moon 


itrhnrf 


0.665 


0.18 


97 7 43 





TABLE m. 



PUaeti. 


oforbiu. 


Tuiatton ia 100 


Motion in mean 
lonf.inlyear 

orassdayi. 


Mean DaUr 
Motion in 
longitado. 


Mercury. . . . 

Venus 

Earth 

Mars....... 

Vesta 

Jano 

Ceres 

PaUas 

Jupitor 

Saturn 

Uranus 


0.20551494 
0.00686074 
0.01678357 
0.09330700 
0.08856000 
0.25556000 
0.07673780 
0.24199800 
0.04816210 
0.05615050 
0.04661080 


+ .000003868 

— .000062711 

000041630 

+ .000090176 
+ .000004009 

— J666665836 
+ .666159356 

— .000312402 

— .000025072 


/ " 

53 43 3.6 

224 47 29.7 

-0 14 19.5 

191 17 9.1 


/ " 
4 5 32.6 

1 36 7.8 
59 8.3 
31 26.7 
16 17.9 
13 33.7 
12 49.4 
12 48.7 
4 59.3 
0.6 
42.4 






30 20 81*9 

12 13 36.1 

4 17 45.1 



TABLE III. 

LUNAR PBBIOIMI. 

Mean sidereal rovolntion 27.321661418 

Mean synodical reTolution, . . . 29.530588715 

Meanrevolutionof nodes (retrograde); . 6793.391080 

Mean revolution of perigee (dir^), .' . . 3232.575343 

Mean inolinatiou of orbit, 5^ 8' 48" 

Mean distance in measure , of the equatorial radius of the 

earth, 29.98217 

Mean distaooe in measure of the mean radius, . 30.20000 
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TABLE IV. 
sun's epochs. 



Years. 




M. 


Long. 


LoBg. Perigte. 


L 


IL 


in. 


N. 


1846 


8. 

9 


o 
8 


45 


It 

8 


8. 

9 


o 
8 


17 


It 
17 


124 


673 


897 


379 


1847 


9 


8 


30 


48 


9 


8 


18 


19 


484 


588 


623 


433 


1848 B. 


9 


9 


15 


37 


9 


8 


19 


20 


878 


505 


151 


487 


1849 


9 


9 


1 


17 


9 


8 


20 


22 


238 


420 


775 


540 


1850 


9 


8 


46 


58 


9 


8 


21 


23 


598 


336 


400 


594 


1851 


9 


8 


32 


39- 


9 


8 


22 


24 


958 


250 


025 


648 


1853 B. 


9 


9 


17 


27 


9 


8 


23 


26 


353 


168 


653 


701 


1853 


9 


9 


3 


8 


9 


8 


24 


27 


713 


083 


277 


755 


1854 


9 


8 


48 


48 


9 


8 


25 


29 


073 


998 


902 


809 


1855 


9 


8 


34 


29 


9 


8 


26 


30 


433 


913 


527 


863 


1856 B. 


9 


9 


19 


18 


9 


8 


27 


32 


827 


832 


153 


916 


1857 


9 


9 


4 


58 


9 


8 


28 


34 


187 


746 


779 


970 


1858 


9 


8 


50 


39 


9 


8 


29 


35 


547 


661 


404 


024 


1859 


9 


8 


36 


19 


9 


8 


30 


a7 


907 


576 


029 


078 


1860 B. 


9 


9 


21 


8 


9 


8 


31 


38 


301 


494 


656 


131 


/ 1861 


9 


9 


6 


49 


9 


8 


32 


39 


661 


409 


281 


185 


1862 


9 


8 


52 


29 


9 


8 


33 


41 


021 


324 


906 


239 


1863 B. 


9 


8 


38 


10 


9 


8 


34 


42 


381 


239 


530 


292 


1864 


9 


9 


22 


58 


9 


8 


35 


44 


775 


157 


157 


346 


1865 


9 


9 


8 


39 


9 


8 


36 


45 


135 


072 


783 


400 


1866 


9 


8 


54 


20 


9 


8 


37 


47 


495 


985 


408 


453 


1867 


9 


8 


40 





9 


8 


38 


49 


855 


902 


033 


507 


1868 B. 


9 


9 


24 


49 


9 


8 


39 


50 


249 


820 


659 


561 


1869 


9 


9 


10 


30 


9 


8 


40 


52 


609 


734 


285 


615 


1870 


9 


8 


56 


10 


9 


8 


41 


53 


969 


649 


910 


668 


1882 
1 


9 


9 


1 


41 


9 


8 


54 


10 


391 


638 


416 


313 


1871 


9 


8 


41 


51 


9 


8 


42 


54 


329 


564 


534 


721 


1872 B. 


9 


9 


26 


39 


9 


8 


43 


5e 


723 


481 


161 


774 


1873 


9 


9 


12 


20 


9 


8 


45 


5& 


083 


396 


785 


828 


1874 


9 


8 


58 


1 


9 


8 


47 





443 


311 


410 


881 


1875 


9 


8 


43 


41 


9 


8 


48 


2 


803 


226 


034 


935 


1876 B. 


9 


9 


28 


30 


9 


8 


49 


4 


297 


143 


661 


989 


1877 


9 


9 


14 


10 


9 


8 


50 


5 


657 


058 


286 


042 


1878 


9 


8 


59 


51 


9 


8 


51 


6 


017 


974 


912 


096 


1879 


9 


8 


45 


32 


9 


8 


52 


7 


377 


889 


537 


150 


1880 B. 


9 


9 


30 


20 


9 


8 


53 


9 


671 


807 


164 


204 


1881 


9 


9 


16 


1 


9 


8 


54 


10 


031 


722 


790 


257 


1882 


9 


9 


1 


41 


9 


8 


55 


12 


391 


637 


415 


31.1 


1883 


9 


8 


47 


22 


9 


8 


56 


13 


751 


552 


040 


364 


1884 B. 


9 


9 


32 


10 


9 


8 


57 


15 


145 


469 


666 


418 


1885 


9 


9 


17 ' 


51 


9 


8 


58 


16 


505 


385 


292 


471 


1886 


9 


9 


3 


32 


9 


8 


59 


17 


865 


300 


918 


525 


1887 


9 


8 


49 


12 


9 


8 





19 


225 


216 


544 


579 


1888 & 


9 


9 


34 


1 


9 


8 


1 


20 


619 


133 


169 


632 



21 
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TABLE V. 
sun's MOnONS lOB MONTHS. 










Montln. 


Longitude. 


Per. 


L 


II. 


III. 


N. 




T.» 1 Com. . . . 

TT^u 1 Com. . . . 
^^^ JBis. .... 


S, O 1 II 


11 29 52 

1 33 18 

29 34 10 

1 28 9 11 


n 



5 
5 
10 




966 

47 

13 

993 




997 

78 

75 
148 




998 

53 

51 

01 




' 4 
4 
9 






April 


2 28 42 30 

3 28 16 40 

4 28 49 58 

5 28 24 8 

6 28 57 26 


15 
20 
26 
31 
36 


42 

59 

110 

129 

182 


226 
301 
379 
454 
531 


154 
206 
259 
310 
363 


13 

18 
22 
27 
31 




May 




J une 




July 




Angust.. ...•••• 






September 

October 


7 29 30 44 

8 29 4 54 

9 29 38 12 
10 29 12 22 


41 
46 
52 
57 


233 
250 
300 
313 


609 
684 
762 
837 


416 
468 
521 
572 


36 
40 
45 
49 


November 

December 
















TABL 


E V] 


[• 





SUN S HOUSLT MOXION. 
Aroumint. — Sun's Mean Anomaly. 





Oi 


Is 


lis 


Ills 


IVs 


V 




o 

10 
20 
30 


' It 
2 33 
2 33 
2 33 
2 32 


/ // 

2 32 
2 32 
2 31 
2 30 


/ // 

2 30 
2 29 
2 29 

2 28 


1 II 

2 28 
2 27 
2 26 
2 25 


/ // 

2 25 
2 25 
2 24 
2 24 


/ // 

2 24 
2 23 
2 23 
2 23 


o 
30 
20 
10 





XIs 


Xs 


IXs 


VIIIs 


VIIs 


Vis 


.• 



SUN S SSMISIAMXTXB. 
Akoumint. — Sun's Mean Anomaly. 





Ob 


Is 


lis 


Ills 


IVs 


Vs 




o 

10 
20 
30 


16 18 
16 18 
16 17 
16 15 


/ It 
16 15 
16 14 
16 12 
16 9 


1 / 

16 9 
16 7 
16 4 
16 1 


/ It 
16 1 
15 58 
15 56 
15 53 


/ // 
15 53 
15 51 
15 49 
15 48 


/ It 

15 48 
15 46 
15 46 
15 45 


o 
30 
20 
10 





XIs 


Xn 


IXs 


vms 


vns 


Vis 
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TABLE VII. 
bun's motions fob DATS AND HOUBS. 
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Day. 


Logitude. 


Per. 


I. 


II. 


III. 


N. 




Hours. 


Long. 


I. 


1 


O / " 




// 















1 


/ 10 
2 28 


1 


2 


59 8 





34 


3 


2 







2 


4 56 


3 


3 


1 58 17 





68 


5 


3 





f 


3 


7 23 


4 


4 


2 57 25 





101 


8 


5 







4 


9 51 


6 


5 


3 56 33 


1 


135 


10 


7 


1 




5 


12 19 


7 


6 


4 55 42 




169 


13 


9 






6 


14 47 


8 


7 


5^ 50 
6*53 58 




203 


15 


10 






7 


17 15 


10 


8 




236 


18 


12 






8 


19 43 


11 


9 


7 53 7 




270 


20 


14 






9 


22 11 


13 


10 


8 52 15 




304 


23 


15 






10 


24 38 


14 


11 


9 51 23 


2 


338 


25 


17 


1 




11 


27 6 


16 


12 


10 50 32 


2 


371 


28 


19 


2 




12 


29 34 


17 


13 


11 49 40 


2 


405 


30 


21 


2 




13 


32 2 


18 


14 


12 48 48 


2 


439 


33 


22 


2 




14 


34 30 


20 


15 


13 47 57 


2 


473 


35 


24 


2 




15 


36 58 


21 


16 


14 47 5 


3 


506 


38 


26 


2 




16 


39 26 


23 


17 


15 46 13 


3 


540 


40 


27 


2 




17 


41 53 


24 


18 


16 45 22 


3 


574 


43 


39 


2 




18 


44 21 


25 


19 


17 44 30 


3 


608 


45 


31 


3 




19 


46 49 


27 


90 


18 43 38 


3 


641 


48 


33 


3 




20 


49 17 


28 


21 


19 42 47 


3 


675 


50 


34 


3 




21 


51 45 


30 


22 


20 41 55 


4 


709 


53 


36 


3 




22 


54 13 


31 


23 


21 41 3 


4 


743 


55 


38 


3 




23 


56 40 


32 


24 


22 40 12 


4 


777 


58 


39 


3 




24 


59 8 


34 


25 


23 39 20 


4 


810 


60 


41 


4 










26 


24 38 28 


4 


844 


63 


43 


4 










27 


25 37 37 


4 


878 


65 


45 


4 










28 


26 36 45 


5 


912 


68 


46 


4 










29 


27 35 53 


5 


945 


70 


48 


4 










30 


28 35 2 


5 


979 


73 


50 


4 










31 


29 34 10 


5 


13 


75 


51 


4 











sun's motions IOB MINUTIES. 



Min. 


Longitude. 


Min. 


Longitude. 


1 


2 


30 


1 H 

1 16 


5 


12 


35 


1 26 


10 


25 


40 


1 39 


15 


37 


45 


1 51 


20 


49 


50 


2 3 


25 


1 2 


55 


2 16 


30 


1 14 


60 


2 28 



2a 
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TABLE VIII. 



IQUAIIOVB Of THB BUN'S OIMTIE. 
AiGUMEMT. — Sun's Mean Anomaly. 





Ofl 


Ifl 


Ilfl 


Ills 


IVa 


1 

Vb 


o 


o 


/ 


» 


o 


/ 


n 


o 


1 II 


O * II 


O 1 1' 


o 


1 II 





1 


59 


30 


2 


58 


15 


3 


40 27 


3 54 50 


3 38 21 


2 


56 9 


1 


2 


1 


33 


3 








3 


41 25 


3 54 47 


3 37 18 


2 


54 25 


2 


2 


3 


37 


3 


1 


44 


3 


42 21 


3 54 41 


3 36 14 


3 


52 40 


3 


2 


5 


40 


3 


3 


27 


3 


43 15 


3 54 33 


3 35 8 


»2 


50 54 


4 


2 


7 


43 


3 


5 


9 


3 


44 8 


3 54 23 


3 34 1 


2 


49 8 


5 


2 


9 


46 


3 


6 


49 


3 


44 58 


3 54 11 


3 32 51 


2 


47 20 


6 


2 


11 


49 


3 


8 


28 


3 


45 47 


3 53 57 


3 31 41 


2 


45 32 


7 


2 


13 


51 


3 


10 


6 


3 


46 33 


3 53 41 


3 30 28 


2 


43 43 


8 


2 


15 


54 


3 


11 


43 


3 


47 17 


3 53 23 


3 29 14 


2 


41 53 


9 


2 


17 


56 


3 


13 


18 


3 


48 


3 53 3 


3 27 58 


2 


40 3 


10 


2 


19 


57 


3 


14 


51 


3 


48 40 


3 52 40 


3 26 41 


2 


38 11 


11 


2 


21 


58 


3 


16 


24 


3 


49 18 


3 52 16 


3 25 22 


2 


36 19 


13 


2 


23 


59 


3 


17 


54 


3 


49 55 


3 51 50 


3 24 2 


2 


34 27 


13 


2 


25 


59 


2 


19 


24 


3 


50 29 


3 51 21 


3 22 40 


2 


32 34 


14 


2 


27 


59 


3 


20 


51 


3 


51 1 


3 50 51 


3 21 17 


2 


30 40 


15 


2 


29 


58 


3 


22 


18 


3 


51 31 


3 50 18 


3 19 52 


2 


28 46 


16 


2 


31 


57 


3 


93 


42 


3 


51 59 


3 49 44 


3 18 26 


2 


26 52 


17 


2 


33 


55 


3 


25 


5 


3 


52 25 


3 49 7 


3 16 58 


2 


24 56 


18 


2 


35 


52 


3 


26 


26 


3 


52 49 


3 48 29 


3 15 30 


2 


23 


19 


S 


37 


49 


3 


27 


46 


3 


53 10 


3 47 49 


3 14 


2 


21 4 


30 


2 


39 


45 


3 


29 


4 


3 


53 30 


3 47 7 


3 12 28 


2 


19 8 


21 


2 


41 


40 


3 


30 


24 


3 


53 47 


3 46 22 


3 10 55 


2 


17 11 


22 


2 


43 


34 


3 


31 


35 


3 


54 3 


3 45 36 


3 9 22 


2 


15 14 


23 


2 


45 


28 


3 


32 


48 


3 


54 16 


3 44 48 


3 7 46 


2 


13 16 


24 


2 


47 


20 


3 


33 


59 


3 


54 27 


3 43 58 


3 6 10 


2 


11 19 


25 


2 


49 


12 


3 


35 


8 


3 


54 36 


3 43 7 


3 4 33 


2 


9 21 


26 


2 


51 


2 


3 


36 


16 


3 


54 43 


3 42 13 


3 2 54 


2 


7 23 


27 


2 


52 


52 


3 


37 


21 


3 


54 48 


3 41 18 


3 1 14 


2 


5 25 


28 


2 


54 


41 


3 


38 


25 


3 


54 51 


3 40 21 


2 59 33 


2 


3 27 


29 


2 


56 


28 


3 


39 


27 


3 


54 52 


3 39 22 


2 57 52 


2 


1 28 


30 


2 


58 


15 


3 


40 


27 


3 


54 50 


3 38 21 


2 56 9 


1 


59 30 
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TABLE VIII. 



13 



EQUATIONS OV THE SUM's CKNTXB. 
AiouiiDiT.-^an's Meaa Anomaly. 





Vis 


VIIs 


VIIIs 


IXf 


Xs 


Xl8 


o 


O ' " 


o 


1 


// 


o 


/ // 


o 


/ 


// 


' 


/' 


o 


/ n 





i 59 30 


1 


2 


51 





20 39 







10 


18 


33 




45 


1 


I 57 32 


1 


1 


8 





19 88 







8 


19 


33 




2 32 


2 


1 55 33 





59 


27 





18 39 







9 


20 


35 




4 19 


3 


1 53 35 





57 


46 





17 42 







12 


21 


39 




6 8 


4 


1 51 37 





56 


6 





16 47 







17 


22 


44 




7 58 


5 


1 49 39 





54 


27 





15 53 







24 


23 


52 




9 48 


6 


i 47 41 





52 


47 





15 2 







33 


25 


1 




11 40 


7 


1 45 44 





51 


14 





14 12 







44 


26 


12 




13 32 


8 


1 43 46 





49 


38 





13 24 







57 


27 


25 




15 26 


9 


1 41 ^ 





48 


5 





12 38 







13 


28 


40 




17 20 


10 


1 39 52 





46 


32 





11 53 





5 


30 


29 


56 




19 15 


11 


I ^7 56 





45 








11 11 





5 


50 


31 


14 




21 11 


12 


1 36 





43 


30 





10 31 


d 


6 


11 


32 


34 




23 8 


13 


1 34 4 





42 


1 





9 53 





6 


35 


33 


55 




25 5 


14 


1 32 9 





40 


34 





9 16 





7 


1 


35 


16 




27 3 


16 


1 30 14 





39 


8 





d 42 





7 


SB 


36 


42 




29 2 


16 


1 28 2d 





37 


43 





d 9 





7 


59 


30 


9 




31 1 


17 


I «5 26 





36 


20 





7 39 





8 


31 


39 


36 




33 1 


18 


1 24 33 





34 


58 





7 10 





9 


5 


41 


9 




35 1 


19 


1 22 41 





33 


38 





6 44 





9 


& 


U 


36 




37 1 


20 


1 20 49 





32 


19 





6 20 





10 


20 


9 




39 3 


21 


1 18 57 





31 


2 





5 57 





11 





45 


42 




41 4' 


22 


1 17 7 





29 


46 





5 37 





11 


43 


47 


17 




43 6 


23 


1 15 17 





28 


32 





5 19 





12 


27 


48 


54 




45 9 


24 


1 13 28 





27 


19 





5 3 





13 


13 


50 


32 


A 


47 11 


25 


1 11 40 





26 


9 





4 49 





14 


2 


52 


11 




49 14 


26 


1 9 52 


6 


24 


59 





4 37 
4 27 





14 


52 


53 


51 




51 17 


27 


1 e $ 





23 


52 





I 


15 


45 


55 


33 




53 90 


28 


1 6 20 





22 


46 





4 19 


16 


39 


57 


16 




55 23 


29 


1 4 35 





21 


41 





2 10 





17 


35 


59 







57 27 


30 


1 d 51 





20 


39 








18 


33 


1 


45 




59 30 
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TABLE IX. 
SMALL EQUATIONS OV THE SUN's LONQITUBX* 



Arg. 


I 


11. 


III. 


Arg. 


I. 


II. 


III. 




II 


II 


II 




II 


// 


II 





10 


10 


10 


500 


10 


10 


10 


10 


10 


11 


9 


510 


10 


10 


9 


20 


11 


11 


9 


520 


9 


10 


8 


30 


11 


12 


8 


530 


9 


10 


7 


40 


11 


13 


^ 8 


540 


9 


10 


7 


40 


12 


14 




550 


8 


10 


6 


60 


12 


14 




560 


8 


9 


5 


70 


12 


15 




570 


8 


9 


4 


80 


13 


15 




580 


7 


9 


3 


90 


13 


16 




590 


7 


9 


3 


100 


13 


16 




600 


7 


9 


2 


110 


14 


17 




610 


6 


8 


1 


120 


14 


17 




620 


6 


8 


1 


130 


14 


18 


8 


630 


6 


8 


1 


140 


15 


18 


8 


640 


5 


7 





150 


15 


18 


9 


650 


5 


7 





160 


15 


18 


9 


660 


5 


6 





170 


15 


18 


10 


670 


5 


6 


1 


180 


15 


18 


10 


680 


5 


6 


1 


190 


16 


18 


11 


690 




5 


2 


200 


16 


18 


11 


700 




5 


2 


210 


16 


18 


12 


710 




4 


3 


220 


16 


18 


12 


720 




4 


3 


230 


16 


18 


13 


730 




4 


4 


240 


16 


17 


14 


740 




3 


5 


250 


16 


17 


14 


750 




3 


6 


260 


16 


17 


15 


760 




3 


6 


270 


16 


16 


16 


770 




2 


7 


480 


16 


16 


17 


780 




2 


8 


290 


16 


16 


17 


790 




2 


8 


300 


16 


15 


18 


800 




2 


9 


310 


16 


15 


18 


810 




2 


9 


320 


15 


14 


19 


820 




2 


10 


330 


15 


14 


19 


830 


5 


2 


10 


340 


15 


14 


20 


840 


5 


2 


11 


350 


15 


13 


20 


850 


5/ 


2 


11 


360 


15 


13 


20 


860 


5 


8 


12 


370 


14 


12 


19 


870 


6 


d 


12 


380 


14 


12 


19 


880 


6 


3 


13 


390 


14 


12 


19 


890 


6 


3 


13 


400 


13 


11 


18 


900 


7 


4 


13 


410 


13 


11 


17 


910 


7 


4 


13 


420 


13 


11 


17 


920 


7 


5 


13 


430 


12 


11 


16 


930 


8 


5 


13 


440 


12 


11 


15 


940 


8 


6 


13 


450 


12 


10 


14 


950 


8 


6 


13 


460 


11 


10 


13 


960 


9 


7 


12 


470 


11 


10 


13 


970 


9 


8 


12 


480 


i: 


10 


12 


980 


9 


9 


11 


490 


10 


10 


11 


990 


10 


9 


11 


500 


10 


10 


10 


1000 


10 


10 


10 
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TABLE X. 

NUTATIONS. 
AnotTMBNT. — Supplement of the Node, or N. 
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N. 


Long. 


R. Ase. 


Obliq. 


N. 


Long. 


R. Aac. 


ObUq. 




,', 


// 


„ 




n 


^ It 


If 





+ 


+ ^ 


+ 10 


500 


— 


— 


-10 


SO 


^ 2 


^ 2 


^10 


520 


2 


2 


9 


40 


4 ^ 


4 


9 


540 


4 


4 


9 


60 


7 


6 


9 


560 


7 


6 


9 


80 


9 


8 


8 


580 


9 


8 


8 


100 


+ " 


+ 10 


+ ? 


600 


— 11 


— 10 


— 8 


120 


^12 


^11 


620 


12 


11 


7 


140 


14 


13 


6 


640 


14 


13 


6 


]60 


15 


14 


5 


660 


15 


14 


5 


180 


16 


15 


4 


680 


16 


15 


4 


200 


+ 17 


+ 16 


+ i 


700 


— 17 


— 16 


— 3 


220 


^18 


^16 


720 


18 


16 


2 


240 


18 


16 


1 


740 


18 


16 


1 


260 


18 


16 


-. 1 


760 


18 


16 


+ 1 


280 


18 


16 


2 


780 


18 


16 


^ 2 


300 


+ 17 


+ 16 


— 3 


800 


— 17 


— 16 


+ 3 


320 


16 


^15 


4 


820 


16 


15 


4 


340 


15 


14 


5 


840 


15 


14 


5 


360 


14 


13 


6 


660 


14 


13 


6 


380 


12 


11 


7 


880 


12 


11 


7 


400 


+ " 


+ 1 


- 8 


900 


— 11 


— 10 


+ 8 


420 


^ 9 


8 


920 


9 


8 


8 


440 


7 


6 


9 


940 


7 


6 


9 


460 


4 


4 


r 9 


960 


4 


4 


9 


480 


8 


2 


10 


980 


2 


2 


10 


500 


4- 


+ 


— 10 


1000 


- 


— 


+ 10 



TABLE XI. 
Eakih'8 Radius Vmiob. — ^Abotthxnt. Sun's Mean Anomaly. 



oo 


Ot 


If 


ns 


ms 


IV» 


V» 


SOo 


0.98313 


0.98545 


0.99173 ' 


1.00018 


L00850 


1.01450 


2 


0.98314 


0.98576 


0.99225 


1.00077 


1.00899 


1.01477 


28 


4 


0.98317 


0.98608 


0.99278 


1.00135 


1.00947 


1.01503 


26 


6 


0.98322 


0.98643 


0.99331 


1.10193 


1.00994 


1.01527 


24 


8 


0.98330 


0.98679 


0.99386 


1.00251 


1.01040 


1.01549 


22 


10 


0.98339 


0.98717 


0.99441 


1.00308 


1.01084 


1.01569 


20 


12 


0.98350 


0.98756 


0.99497 


1.00366 


1.01128 


1.01588 


18 


14 


0.98364 


0.98797 


0.99554 


1.00422 


1.01170 


1.01604 


16 


16 


0.98380 


0.98840 


0.99611 


1.00478 


1.01210 


1.01619 


14 


18 


0.98397 


0.98883 


0.99668 


1.00534 


1.01249 


1.01632 


12 


20 


0.98417 


0.98929 


0.99726 


1.00588 


1.01286 


1.01643 


10 


22 


0.98439 


0.98975 


0.99784 


1.00642 


1.01322 


1.01652 


8 


24 


0.98462 


0.99023 


0.99843 


1.00695 


1.01357 


1.01659 


6 


26 


0.98486 


0.99072 


0.99901 


1.00748 


1.01389 


1.01663 


4 


28 


0.98515 


0.99122 


0.99960 


1.00799 


1.01420 


1.01666 


2 


30 


0.98545 


0.99173 


1.00018 


1.00850 


1.01450 


1.01667 








XIs 


Xs 


IX* 


Vint 


VII. 


vis 



21*" 
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TABLE XI. 



MKAN HjSW moons 


AND ABGUMBKIS 19 JANUABT' 




M««n 1/ew 














Moon in 


I. 


n. 


in. 


IV. 


N. 




Jannary. 












A. D. 


D. H. M. 












1836 B. 


17 10 32 


0469 


1246 


17 


08 


669 


1837 


5 19 20 


0171 


9852 


00 


97 


692 


1838 


24 16 53 


0681 


9175 


99 


85 


799 


1839 


14 1 42 


0383 


7780 


82 


74 


822 


1840 B. 


3 10 30 0085 


6386 


65 


63 


844 


1841 


21 8 3 


0595 


5709 


63 


51 


951 


1843 


10 16 51 


0297 


4314 


46 


40 


974 


1843 


29 14 24 


0807 


3637 


44 


28 


081 


1844 B. 


18 23 13 


0509 


2243 


28 


17 


104 


1845 


7 8 1 


0211 


0848 


11 


06 


126 


1846 


26 5 34 


0721 


0171 


09 


94 


234 


1847 


15 14 22 


0423 


8777 


92 


84 


256 


1848 B. 


4 23 11 


0125 


7382 


75 


73 


278 


1849 


22 20 43 


0635 


6705 


73 


61 


386 


1850 


12 5 32 


0337 


5311 


56 


50 


408 


1851 


1 14 21 


0038 


3916 


40 


39 


431 


1852 B. 


20 11 53 


0549 


3239 


38 


27 


538 


1853 


820 42 


0251 


1845 


21 


16 


560 


1854 


27 18 14 


0761 


1168 


19 


04 


668 


1855 


17 3 3 


0463 


9773 


02 


93 


690 


1856 B. 


6 11 51 


0164 


8379 


85 


82 


713 


1857 


24 9 24 


0675 


7702 


84 


70 


820 


1858 


13 18 13 


0376 


6307 


67 


59 


843 


1859 


3 3 1 


0078 


4913 


50 


48 


865 


1860 B. 


22 034 


0588 


4236 


48 


36 


972 


1861 


10 9 22 


0290 


2840 


31 


25 


995 


1862 


29 6 55 


0800 


2163 


30 


14 


102 


1863 


18 15 44 


0504 


0769 


13 


03 


125 


1864 B. 


8 032 


0204. 


9374 


96 


92 


147 


1865 


25 22 5 


0714 


8698 


94 


80 


2S6 


1866 


15 6 53 


0416 


7303 


77 


69 


277 


1867 


4 15 42 


0118 


5909 


60 


58 


299 


1868 B. 


23 13 14 


0628 


5232 


59 


46 


407 


1869 


11 22 3 


0330 


3837 


42 


35 


429 


1870 


1 6 51 


0032 


2442 


25 


24 


451 


1871 


20 4 24 


0542 


1765 


23 


12 


559 


1872 R 


8 13 13 


0244 


0371 


05 


01 


581 


1873 


27 10 46 


0754 


9694 


03 


89 


689 


1874 


17 19 35 


0456 


8300 


86 


78 


711 


1875 


7 4 24 


0158 


6906 


69 


67 


733 


1876 B, 


26 1 57 


0668 


6S29 


67 


55 


841 


1877 


14 10 49 


0370 


4835 


50 


44 


863 


1878 


3 18 38 


0072 


3441 


33 


23 


885 


1879 


22 6 11 


0582 


2764 


31 


21 


993 


1880 B. 


11 15 


0284 


1370 J 


14 


10 


015 
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MXAN LUNATIONS AND 0HAN0X8 OF THC AB0UMSNT8. 



Num. 


Lunations. 


I. 


n. 


XXL 


XV. 


N. 




d. 


h. 


m. 












^ 


14 


18 


22 


404 


5359 


58 


50 


43 


1 


29 


12 


44 


808 


717 


15 


99 


85 


2 


59 


1 


28 


1617 


1434 


31 


98 


170 


3 


88 


14 


12 


2425 


2151 


46 


97 


256 


4 


118 


2 


56 


3234 


2869 


61 


96 


341 


5 


147 


15 


40 


4042 


3586 


76 


95 


425 


6 


177 


4 


24 


4851 


4303 


92 


95 


611 


1 


206 


17 


8 


5659 


5020 


7 


94 


596 


8 


236 


5 


52 


6468 


5737 


22 


93 


682 


9 


265 


18 


36 


7276 


5454 


37 


92 


767 


10 


295 


7 


20 


8085 


7117 


53 


91 


852 


11 


324 


20 


5 


8893 


7889 


68 


90 


937 


12 


354 


8 


49 


9702 


8606 


83 


89 


22 


13 


.383 


21 


X^ 


510 


9323 


93 


88 


108 



TABLE XIII. 



TABLE XIV. 



KUMBtB or DAtS l^OM TtiB 
OOMHBNGBMBNT OF THE TIAB 
TO THE f IBST Of EACH MONTH. 



Months. 


Com. 


Bia. 


January. . . 
February. . 
March.... 

April 

May. 

June...... 

July...... 

August.... 

SiBptember. 
October... 
November. 


Pay.. 



31 

59 

90 

120 

151 

181 

212 

243 

273 

304 

334 


Day. 



31 

eo 

91 

m 

152 
182 
213 
244 
274 
305 
336 



^i?- 


d 


(* 


(i 


'!■ 


H.Par. 


S.D. 


H.Mo. 





60 


It 
29 


16 


29 


36 


48 


10000 


250 


60 


26 


16 


26 


36 


44 


9750 


500 


60 


17 


16 


25 


36 


19 


9500 


750 


60 





16 


21 


36 


8 


9250 


1000 


59 


47 


16 


17 


35 


48 


9000 


1250 


59 


24 


16 


11 


35 


28 


8750 


1500 


58 


56 


16 


3 


34 


57 


8500 


1750 


58 


30 


15 


56 


34 


34 


8250 


2000 


58 


7 


15 


50 


33 


58 


8000 


2250 


57 


37 


15 


42 


33 


32 


7750 


2500 


57 


1 


15 


31 


32 


42 


7500 


2750 


56 


32 


15 


23 


32 


9 


7250 


3000 


56 


2 


15 


16 


81 


36 


7000 


3250 


55 


40 


15 


10 


31 


13 


6750 


3500 


55 


22 


15 


7 


30 


52 


6500 


3750 


55 


12 


15 


3 


30 


29 


6250 


4000 


54 


51 


14 


56 


30 


7 


6000 


4250 


54 


39 


14 


54 


29 


55 


5750 


4500 


54 


26 


14 


50 


29 


43 


5500 


4750 


54 


18 


14 


48 


29 


37 


5250' 


5000 


54 


13 


14 


45 


29 


35 


5000 
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TABLE XV. 
IQVATIOMS lOB NSW AND fULL MOON. 



Arg. 


I. 


II. 


Arg. 


I. 


II. 


Arg. 


III. 


IV. 


Arg. 




h. in. 


h. m. 




h« m. 


h. ID. 




ID. 


in. 







4 20 


10 10 


5000 


4 20 


10 10 


25 


3 


31 


25 


100 


4 36 


9 36 


5100 


4 5 


10 50 


26 


3 


31 


24 


200 


4 52 


9 2 


5200 


3 49 


11 30 


27 


3 


30 


23 


300 


5 8 


8 28 


5300 


3 34 


12 9 


28 


3 


30 


22 


400 


5 24 


7 55 


5400 


3 19 


12 48 


29 


3 


30 


21 


500 


5 40 


7 22 


5500 


3 4 


13 26 


30 


3 


30 


20 


600 


5 55 


6 49 


5600 


2 49 


14 3 


31 


3 


30 


19 


700 


6 10 


6 17 


5700 


2 35 


14 39 


32 




20 


18 


800 


6 24 


5 46 


5800 


2 21 


15 13 


33 




29 


17 


900 


6 38 


5 15 


5900 


2 8 


15 46 


34 




29 


16 


1000 


6 51 


4 46 


6000 


1 55 


16 18 


35 




29 


15 


1100 


7 4 


4 17 


6100 


1 42 


16 48 


36 




28 


14 


1200 


7 15 


3 50 


6200 


1 31 


17 16 


37 




28 


13 


1300 


7 27 


3 24 


6300 


1 19 


17 42 


38 


6 


27 


12 


1400 


7 37 


2 59 


6400 


1 9 


18 6 


39 


5 


27 


11 


1500 


7 47 


2 35 


6500 


69 


18 28 


40 


6 


26 


10 


1600 


7 55 


2 14 


6600 


50 


18 48 


41 


6 


26 


9 


1700 


8 3 


1 53 


6700 


42 


19 6 


42 


7. 


25 


8 


1800 


8 10 


1 35 


6800 


34 


19 21 


43 


7 


25 


7 


1900 


8 16 


1 18 


• 6900 


28 


19 33 


44 


7 


24 


6 


tooo 


8 21 


1 3 


7000 


22 


19 44 


45 


8 


23 


5 


2100 


8 25 


51 


7100 


17 


19 52 


46 


8 


23 


4 


2200 


8 29 


40 


7200 


14 


19 57 


47 


9 


22 


3 


2300 


8 31 


32 


7300 


11 


20 


48 


9 


21 


2 


2400 


8 32 


25 


7400 


9 


20 1 


49 


10 


21 


1 


2500 


8 32 


21 


7500 


8 


19 59 


50 


10 


20 





2600 


8 31 


19 


7600 


8 


19 55 


51 


10 


19 


99 


2700 


8 29 


20 


7700 


9 


19 48 


52 


11 


19 


98 


2800 


8 26 


23 


7800 


11 


19 40 


53 


11 


18 


97 


2900 


8 23 


28 


7900 


15 


19 29 


54 


12 


17 


96 


3000 


8 18 


36 


8000 


19 


19 17 


55 


12 


17 


95 


3100 


8 12 


47 


8100 


24 


19 2 


56 


13 


16 


94 


3200 


8 6 


59 


8200 


30 


18 45 


57 


13 


15 


93 


3300 


7 58 


1 14 


8300 . 


37 


18 27 


58 


13 


15 


92 


3400 


7 50 


1 32 


8400 


45 


18 6 


59 


14 


14 


91 


3500 


7 41 


1 52 


8500 


53 


17 45 


60 


14 


14 


90 


3600 


7 31 


2 14 


8600 


1 3 


17 21 


61 


15 


13 


89 


3700 


7 21 


2 38 


8700 


1 13 


16 56 


62 


15 


13 


88 


3800 


7 9 


3 4 


8800 


1 25 


16 30 


63 


15 


12 


87 


3900 


6 58 


3 32 


8900 


1 36 


16 3 


64 


15 


12 


86 


4000 


6 45 


4 2 


9000 


1 49 


15 34 


65 


16 


11 


85 


4100 


6 32 


4 34 


9100 


2 2 


15 5 


66 


16 


11 


84 


4200 


6 19 


5 7 


9200 


2 16 


14 34 


67 


16 


11 


83 


4300 


6 5 


5 41 


9300 


2 30 


14 3 


68 


16 


10 


82 


4400 


5 51 


6 17 


9400 


2 45 


13 31 


69 


17 


10 


81 


4500 


5 36 


6 64 


9500 


3 


12 58 


70 


17 


10 


80 


4600 


5 21 


7 32 


9600 


3 16 


12 25 


71 


17 


10 


79 


4700 


5 6 


8 11 


9700 


3 32 


11 52 


72 


17 


10 


78 


4800 


4 51 


8 60 


9800 


3 48 


11 18 


73 


17 


10 


77 


4900 


4 35 


9 30 


9900 


4 4 


10 44 


74 


17 


9 


76 


5000 


4 20 


10 10 


10000 


4^20 


10 10 


75 


17 


9 


75 
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ll 

§ S 
if 

Is 

o ^ 

p 







I 



O ^ n 1^ S O S n SS S O 00 O) 1^ »9 O 






? 


COCtfCOCOCOCOCOCOCOCOlOIOIOl-^l-^Mp 


6" 


m.,8. 
—3 43,5 
3 35.1 
3 25.0 
3 12.6 
2 57.1 
2 38.0 
2 20.4 
2 0.0 
1 37.7 
1 14.8 
49.0 
24.1 
— 22.0 
+0 28.6 

55.9 

1 15.0 
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TABLE XVI. 
moon'b xfoohs. 



Yean. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


1846 


0013 


2475 


3375 


1688 


0773 


4880 


3179 


0800 


9542 


1847 


0006 


9683 


2941 


6432 


3245 


0678 


4239 


3257 


8406 


1848 B. 


0026 


7542 


3646 


1463 


6052 


6847 


5358 


6106 


7295 


184') 


0019 


4750 


3312 


6207 


8524 


2644 


6418 


8563 


6158 


1850 


0012 


1958 


3978 


0951 


0995 


8442 


7479 


1020 


5022 


1851 


0005 


9167 


2644 


5695 


3467 


4239 


8539 


3477 


3885 


1852 B. 


0025 


7025 


3350 


0726 


6274 


0408 


9658 


6326 


2774 


1853 


0018 


4233 


3016 


5469 


8746 


6206 


0718 


8782 


1637 


1854 


0011 


1442 


2681 


0213 


1217 


2003 


1778 


1240 


0501 
9SlS5 


1855 


0004 


8650 


2347 


4957 


3689 


7801 


2839 


3697 


1856 B. 


0024 


6509 


3053 


9988 


6496 


3970 


3957 


6446 


8254 


1857 


0017 


3717 


2719 


4732 


8968 


9767 


5018 


9002 


7117 


1858 


0010 


0925 


2385 


9476 


1439 


5565 


6078 


1460 


5981 


1859 


0003 


8134 


2051 


4220 


3911 


1362 


7139 


3917 


4845 


1860 B, 


0023 


5992 


2756 


9551 


6718 


7531 


8257 


6765 


3734 


1861 


0016 


3200 


3«e3 


3995 


9190 


3329 


9317 


9223 


2597 


1862 


0009 


0409 


2088 


8739 


1661 


9126 


0378 


1679 


1461 


1863 


0002 


71517 


1754 


3483 


4133 


4923 


1438 


4137 


0324 


1864 B. 


0022 


5476 


2460 


8514 


6941 


1093 


2557 


6984 


9212 


1865 


0015 


2684 


2126 


3257 


9412 


6890 


3617 


9442 


8076 


1866 


0008 


9893 


1792 


8001 


1883 


2687 


4678 


1899 


6940 


1867 


0001 


7101 


1457 


2745 


4355 


8485 


5738 


4357 


5804 


1868 B. 


0021 


4959 


2163 


7776 


7163 


4654 


6857 


7204 


4692 


1869 


0C14 


2168 


1829 


2520 


9634 


0452 


7917 


9662 


3556 


1870 


0007 


9376 


1495 


7264 


2105 


6249 


8978 


2119 


2420 


1871 


0000 


6584 


1161 


2008 


4576 


2046 


0039 


4576 


1284 


1872 B. 


0020 


4432 


1867 


7039 


7383 


8215 


1158 


7423 


0172 


1873 


0013 


1640 


1533 


1783 


9854 


4012 


2239 


9880 


9036 


1874 


0006 


8848 


1199 


6527 


2325 


9809 


3300 


2337 


7900 


1875 


9999 


6056 


0865 


1271 


4796 


5606 


4361 


4794 


6764 


1876 B. 


0019 


3914 


1571 


6292 


7603 


177o 


5480 


7641 


5652 


1877 


0012 


1122 


1247 


1036 


0074 


7572 


6541 


0098 


4516 


1878 


0005 


8330 


0913 


5780 


2545 


3369 


7602 


2555 


3380 


1879 


9998 


5538 


0579 


0524 


5016 


9166 


8663 


5012 


2244 


1880 B. 


0018 


3396 


1285 


5545 


7823 


5335 


9782 


7859 


1132 


1881 


0011 


0604 


0951 


0289 


0294 


1132 


0843 


0316 


9996 


1882 


0004 


7812 


0617 


5033 


2765 


6929 


1904 


2873 


8860 


1883 


9997 


5020 


0283 


9777 


5236 


2726 


2965 


5330 


7724 


1884 B. 


0017 


2878 


0989 


4798 


8043 


8895 


4084 


8177 


6612 


1885 


0010 


0086 


0655 


9542 


0514 


4692 


5145 


0634 


5476 


1886 


0003 


7294 


0321 


4386 


2985 


0489 


6206 


3091 


4340 


1887 


9996 


4502 


9987 


9030 


5456 


6286 


7267 


5548 


3204 


1|86B. 


0016 


2360 


0693 


4051 


8263 


2455 


8386 


8395 


2092 


0009 


9568 


0359 


8795 


0734 


8352 


9447 


0852 


0956 1 


1890 


0002 


6776 


0025 


3539 


3205 


4049 


0508 


• 3309 


9820 
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Yean. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


90 


1846 


203 


123 


250 


171 


419 


760 


126 


396 


167 


379 


204 


1847 


810 


484 


970 


644 


613 


901 


486 


749 


643 


433 


371 


1848 B. 


486 


876 


759 


151 


905 


072 


881 


143 


144 


487 


539 


1849 


093 


237 


479 


624 


099 


212 


241 


496 


619 


540 


705 


1850 


700 


597 


199 


097 


293 


352 


600 


848 


094 


594 


871 


1851 


306 


958 


918 


570 


487 


493 


960 


201 


569 


648 


038 


1853 B. 


983 


350 


707 


077 


780 


664 


355 


595 


070 


701 


206 


1853 


589 


711 


427 


650 


974 


804 


715 


948 


546 


755 


372 


1854 


196 


072 


147 


023 


168 


944 


074 


300 


020 


809 


539 


1855 


802 


432 


866 


496 


361 


085 


434 


653 


495 


863 


705 


1856 B. 


479 


824 


656 


003 


654 


256 


829 


047 


996 


916 


873 


1857 


086 


185 


375 


476 


848 


396 


189 


400 


471 


970 


039 


1858 


632 


546 


095 


949 


042 


537 


548 


752 


947 


024 


906 


1859 


299 


9or 


814 


422 


236 


677 


908 


105 


4QQ 


078 


372 


1860 B. 


975 


298 


604 


929 


529 


848 


303 


499 


923 


131 


540 


1861 


581 


659 


323 


402 


723 


988 


662 


852 


398 


185 


706 


1862 


187 


020 


042 


875 


916 


129 


021 


204 


87a 


239 


873 


1863 


794 


381 


761 


348 


110 


269 


381 


557 


348 


292 


039 


1864 B. 


470 


773 


551 


855 


403 


440 


777 


951 


849 


346 


207 


1865 


077 


134 


271 


328 


597 


580 


136 


304 


324 


400 


373 


1866 


684 


494 


990 


801 


791 


721 


495 


657 


799 


453 


540 


1867 


290 


855 


710 


274 


985 


861 


855 


009 


274 


507 


707 


1868 B. 


967 


247 


500 


781 


277 


032 


251 


404 


775 


561 


874 


1869 


573 


608 


21 Q 


254 


471 


172 


610 


756 


251 


615 


040 


1870 


180 


968 ♦ ^ 

1 1 


313 


969 


109 


726 


668 


207 


1871 


787 


328 


659 


200 


859 


554 


328 


662 


201 


721 


374 


1872 B. 


464 


720 


549 


707 


161 


725 


724 


957 


702 


785 


531 


1873 


071 


080 


269 


180 


345 


966 


083 


410 


177 


838 


698 


1874 


678 


440 


989 


653 


539 


205 


442 


863 


642 


891 


865 


1875 


285 


800 


709 


126 


733 


446 


801 


316 


117 


944 


032 


1876 B. 


962 


192 


599 


633 


025 


617 


197 


711 


618 


008 


199 


1877 


569 


552 


319 


106 


219 


858 


556 


164 


093 


061 


366 


1878 


176 


912 


039 


579 


413 


099 


915 


617 


568 


114 


533 


1879 


783 


272 


759 


052 


607 


340 


274 


070 


043 


167 


700 


1880 B. 


460 


664 


649 


559 


899 


511 


670 


465 


544 


231 


867 


1881 


067 


024 


369 


032 


093 


752 


029 


918 


019 


284 


034 


1882 


674 


384 


089 


605 


287 


993 


388 


371 


494 


337 


201 


1883 


281 


744 


809 


978 


481 


234 


747 


824 


969 


390 


368 


1884 B. 


958 


136 


699 


485 


773 


405 


143 


219 


470 


454 


535 


1885 


565 


496 


419 


958 


967 


646 


502 


672 


945 


607 


702 


1886 


172 


856 


139 


431 


161 


887 


861 


125 


420 


560 


869 


1887 


779 


216 


859 


904 


355 


128 


320 


578 


895 


613 


036 


1888 & 


456 


608 


749 


411 


647 


299 


716 


973 


396 


677 


903 


1889 


063 


968 


469 


884 


841 


540 


075 


426 


871 


730 


370 


1890 


670 


328 


189 


357 


035 


.781 


434 


879 


346 


783 


637 
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TABLE XVII. 
moon's motions fob montes. 



MonthB. 


1 


3 


3 


4 


5 


6 


7 


8 


9 


^-iBr 


0000 


0000 


0000 


0000 


0000 


OOQp 
96^8 


0000 


0000 


0000 


9973 


9350 


.8960 


9713 


9664 


9942 


9610 


9976 


Feb.]gr 


849 


146 


2246 


8896 


402 


1533 


1789 


2099 


753 


m 


9497 


1205 


8609 


66 


1161 


1731 


1709 


729 


March 


1615 


8343 


1371. 


6931 


9797 


1951 


3404 


3027 


1433 


April 

MAy 


2464 


8490 


3616 


5827 


199 


3484 


5193 


5126 


2186 


3285 


7986 


4822 


4436 


265 


4646 


6924 


6835 


2914 


Jane 


4134 


8133 


7067 


3332 


666 


6179 


8713 


8934 


3667 


July 


4955 


7629 


8273 


1942 


732 


7341 


444 


643 


4396 


Aaijrast .... 


5804 


7776 


518 


838 


1134 


8874 


2233 


2742 


6148 


September . 


6653 


7922 


2764 


9734 


1536 


408 


4021 


4842 


5901 


October.... 


7474 


7419 


3969 


8343 


1603 


1569 


5752 


6550 


6630 


November.. 


83S3 


7565 


6215 


7239 


2004 


3102 


7541 


8649 


7382 


December. . 


9144 


7062 


7420 


5848 


2070 


4264 


9272 


358 


8111 



TABLE XVIII. 

HOOn'b motions K>B DATS. 



Days. 


1 


3 


3 


4 


5 


6 


7 


8 


9 


1 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


0000 


3 


27 


650 


1040 


287 


336 


372 


58 


390 


24 


3 


55 


1300 


2080 


574 


671 


744 


115 


781 


49 


4 


82 


1950 


3121 


861 


1007 


1116 


173 


1171 


73 


5 


109 


2600 


4161 


1148 


1342 


1488 


231 


1561 


. 97 


6 


137 


3249 


5201 


1435 


1678 


1860 


289 


1952 


121 


7 


164 


3899 


6241 


1722 


2013 


2232 


346 


2342 


146 


8 


192 


4549 


7281 


2009 


2349 


2604 


404 


2732 


170 


9 


219 


5199 


8321 


2296 


2684 


2976 


462 


3122 


194 


10 


246 


5849 


9362 


2583 


3020 


3348 


519 


3513 


219 


11 


274 


6499 


402 


2870 


3355 


3720 


577 


3903 


243 


12 


301 


7149 


1442 


' 3157 


3691 


4093 


635 


4293 


267 


13 


328 


7799 


2482 


3444 


4026 


4465 


692 


4684 


291 


14 


356 


8449 


3522 


3731 


4362 


4837 


750 


6074 


316 


15 


383 


9098 


4563 


4018 


4698 


5209 


808 


5464 


340 


16 


411 


9748 


5603 


4305 


5033 


5581 


866 


5854 


364 


17 


438 


398 


6643 


4592 


5369 


5953 


923 


6245 


389 


18 


465 


1048 


7683 


4878 


5704 


6325 


981 


6635 


413 


19 


493 


1698 


8723. 


5165 


6010 


6697 


1039 


7025 


437 


20 


520 


2348 


9763 


5452 


6375 


7069 


1096 


7416 


461 


21 


548 


2998 


804 


5739 


6711 


7441 


1154 


7806 


486 


2? 


575 


3648 


1844 


6026 


7046 


7813 


1212 


8196 


510 


23 


602 


4298 


2884 


6313 


7382 


8185 


1269 


8586 


534 


24 


630 


4947 


3924 


6600 


7717 


8557 


1327 


8977 


559 


25 


657 


5597 


4964 


6887 


8053 


8929 


1385 


9367 


583 


26 


684 


6247 


6005 


7174 


8389 


9301 


1443 


9757 


607 


27 


712 


6897 


7045 


7461 


8724 


9673 


1500 


148 


631 


28 


739 


7547 


8085 


7748 


9060 


45 


1558 


538 


656 


29 


767 


8197 


9125 


8035 


9395 


417 


1616 


928 


680 


30 


794 


8847 


165 


8322 


9731 


789 


1673 


1319 


704 


31 


821 


9497 


1205 


8609 


66 


1161 


1731 


1709 


729 



Digitized by VjOOQIC 



TABLE XVII. 
moon's motions iob months. 



2J 



Months. 


10 


11 


12 


13 


14 


15 


16 
000 


17 


18 


19 

000 


20 
000 


Jan,]C- 


000 


000 


000 


000 


000 


000 


000 


000 


930 


969 


930 




901 


969 


963 


958 


974 


000 


000 


Feb.jC^I"- 


175 


965 


184 


59 


74 


946 


135 


304 


805 


5 


14 


105 


934 


114 


25 


975 


916 


98 


262 


779 


5 


14 


March 


139 


836 


157 


16 


851 


801 


159 


482 


532 


9 


27 


^?:::::: 


314 


801 


342 


76 


925 


747 


294 


786 


336 


13 


41 


419 


735 


556 


101 


899 


663 


392 


47 


115 


18 


55 


June 


593 


700 


640 


160 


973 


609 


527 


351 


920 


22 


^59 


July 


698 


634 


754 


185 


948 


525 


625 


613 


699 


27 


83 


Aus^st .... 


873 


599 


938 


245 


22 


471 


759 


917 


503 


31 


97 


September . 


48 


563 


123 


304 


96 


417 


894 


221 


308 


36 


111 


October.... 


152 


497 


237 


329 


71 


333 


992 


483 


87 


40 


125 


November.. 


327 


462 


421 


388 


145 


279 


127 


787 


892 


45 


139 


December. . 


432 


396 


535 


414 


120 


.194 


225 


49 


670 


49 


153 



TABLE XVIIL 

moon's motions iob DATS. 



Day. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


1 


000 


000 


000 


000 


000 


000 


000 


000 


jm 


000 


000 


2 


70 


31 


70 


34 


99 


31 


37 


42 


26 








3 


140 


62 


141 


68 


198 


61 


73 


84 


52 





1 


4 


210 


93 


211 


103 


297 


92 


110 


126 


78 





1 


5 


281 


125 


282 


137 


397 


122 


146 


168 


104 




2 


6 


351 


156 


352 


171 


496 


153 


183 


210 


130 




2 


7 


421 


187 


423 


205 


595 


183 


220 


252 


156 




3 


8 


491 


218 


493 


239 


694 


214 


256 


294 


182 


1 


3 


9 


561 


249 


564 


273 


793 


244 


293 


336 


208 




4 


10 


631 


280 


634 


308 


892 


275 


329 


379 


234 




4 


11 


702 


311 


705 


342 


992 


305 


366 


421 


260 




5 


12 


772 


342 


775 


376 


91 


336 


403 


463 


286 


2 


5 


13 


842 


374 


845 


410 


190 


366 


439 


505 


312 


2 


5 


14 


912 


405 


916 


444 


289 


397 


476 


547 


337 


2 


6 


15 


982 


436 


986 


478 


388 


427 


512 


589 


368 


2 


• 6 


16 


52 


467 


57 


513 


487 


458 


549 


631 


389 


2 


7 


17 


122 


498 


127 


547 


587 


488 


586 


673 


415 


2 


7 


18 


193 


529 


198 


581 


686 


519 


622 


715 


441 


2 


8 


19 


263 


560 


268 


615 


785 


549 


659 


.757 


467 


3 


8 


20 


333 


591 


339 


649 


884 


580 


695 


799 


493 


3 


9 


21 


403 


623 


409 


683 


983 


611 


722 


841 


517 


3 


9 


22 


473 


654 


480 


718 


82 


641 


769 


883 


545 


3 


10 


23 


543 


685 


550 


752 


182 


672 


805 


925 


571 


3 


10 


24 


614 


716 


621 


786 


281 


702 


842 


967 


597 


3 


11 


25 


684 


747 


691 


820 


380 


.733 


878 


9 


623 




11 


26 


754 


778 


762 


854 


479 


763 


915 


52 


649 




11 


27 


824 


800 


832 


888 


578 


794 


952 


94 


675 




12 


28 


894 


840 


903 


923 


677 


824 


988 


136 


701 




12 


29 


964 


872 


973 


957 


777 


855 


25 


178 


727 




13 


30 
3^ 


34 


903 


43 


991 


876 


885 


61 


220 


753 




13 


105 


934 


114 


25 


975 


916 


98 


262 


Jll 


1 


14,J 



2b 
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TA9LS XIX. 

moon's MOnOKB lOB BOIRU. 



Honn. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


1 


1 


27 


43 


12 


H 


16 


2 


16 


1 


2 


2 


54 


87 


24 


28 


31 


5 


33 


2 


3 


3 


81 


130 


36 


42 


47 


7 


49 


3 


4 


5 


108 


173 


48 


56 


62 


10 


65 


4 


5 


6 


135 


217 


60 


70 


78 


12 


81 


5 


6 


7 


162 


360 


72 


84 


93 


14 


98 


6 


7 


8 


190 


303 


84 


98 


109 . 


17 


114 


7 


8 


9 


217 


347 


96 


112 


124 


19 


130 


8 


9 


10 


241 


390 


J 08 


126 


140 


22 


146 


9 


10 


11 


271 


433 


120 


140 


155 


34 


163 


10 


11 


12 


298 


477 


131 


154 


171 


26 


179 


11 


13 


14 


325 


520 


143 


168 


186 


29 


195 


12 


13 


15 


352 


563 


155 


188 


202 


31 


211 


13 


14 


16 


379 


607 


167 


196 


217 


34 


228 


14 


15 


17 


406 


650 


179 


210 


233 


36 


244 


15 


16 


18 


433 


693 


191 


224 


248 


38 


260 


16 


17 


19 


460 


737 


203 


238 


264 


41 


276 


17 


18 


20 


487 


780 


215 


252 


279 


43 


293 


18 


19 


22 


515 


823 


227 


266 


295 


46 


309 


19 


20 


23 


542 


867 


239 


280 


310 


48 


335 


20 


21 


24 


569 


910 


351 


294 


326 


50 


341 


21 


22 


25 


596 


953 


263 


308 


341 


53 


358 


22 


33 


26 


623 


997 


375 


322 


357 


55 


374 


23 


24 


27 


650 


1040 


287 


336 


372 


58 


390 


24 



TABLE XIX. 

moon's motions iob MINimS. 



Min. 


1 


2 


3 

1 


4 



5 




6 



7 



8 



9 



10 



11 



12 



13 




14 



1 








5 





2 


4 


1 


1 


1 





1 




















10 





5 


7 


2 


2 


3 





3 

















1 


15 





7 


11 


3 


3 


4 




4 





1 





1 





1 


20 





9 


14 


4 


5 


5 




5 





1 





1 





1 


25 





11 


18 


5 


6 


6 




7 





1 




1 




2 


30 




14 


22 


6 


7 


8 




8 





1 




1 




2 


35 




16 


25 


7 


8 


9 




10 




2 




2 




2 


40 




18 


29 


8 


9 


10 


2 


11 




2 




2 




3 


45 




20 


32 


9 


10 


12 


2 


12 




2 




2 




3 


50 




23 


36 


10 


11 


13 


2 


13 




2 




2 




3 


55 




25 


40 


11 


13 


14 


2 


15 




3 




3 




4 


60 




27 


43 


12 


14 


15 


2 


16 




3 




3 




4 
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HILIOCXNTBIO LONailUDES, ETC. OV THE PLANET YENUS, AT THE TI1CB9 Of 

THE NEXT TWO TRANSITS OYER THE SUN'b DISO. 

The subject matter of this table is connected with Chapter IX, page 119. 



Times. 


Hel. Long, from 
true Equinox. 


Hel. Lat. 


Rad. Vec. 


1874, Dec. 8th, at 12h. 
16h. 
20h. 

1882, Dec. 6th, at noon. 
4h. 
8h. 


760 41' 36.6" 

76 57 44.1 

77 13 51.5 

74 12 55.7 
74 29 2.5 
74 45 9.7 


4' 6.3" N. 

5 3.5 

6 1.0 

4 58.1 S. 
4 0.8 
3 3.5 


0.7203632 
0.7203449 
0.7203268 

0.7205502 
0.7205315 
0.7205127 



DIP OF THE HORIZON. 
For the principle of computing the dip of the horizon see text-note, page 54. 



fiigilt 




1 


Hight 






in 


Dip. 1 


in 


Dip. 1 


feet. 






feet. 






1 


1' 


1" 


16 


At 


3" 


3 


1 


26 


17 




11 


3 


1 


45 


18 




18 


4 


2 


2 


19 




25 


5 


2 


16 


20 




32 


6 


.2 


29 


21 




39 


7 


2 


41 


22 




45 


8 


2 


52 


23 




52 


9 


3 


2 


24 




58 


10 


3 


12 


25 


5 


4 


11 


3 


22 


26 


5 


10 


12 


3 


31 


28 


5 


22 


13 


3 


39 


30 


5 


33 


14 


3 


48 


35 


6 


1 


15 


3 


56 


40 


6 


25 



sun's SEMIDIAMETEB lOR EYERT TENTH DAT OF THE TEAR. 



Days. 

1 

11 
21 


Jan. 
/ // 
16 18 
16 17 
16 17 


July. 

/ // 
15 46 
15 46 
15 46 


Days. 

1 

11 
21 


April. 
/ // 
16 1 
15 58 
15 55 


Oct. 

/ II 
16 1 
16 3 
16 7 


1 

11 
31 


Feb. 
16 15 
16 13 
16 11 


August. 
15 47 
15 49 
15 51 


1 
11 
21 


May. 
15 53 
15 51 
15 49 


Not. 
16 9 
16 12 
16 14 


1 

11 
21 


March. 
16 10 
16 7 
16 4 


Sept 

15 U 

16 56 

15 58 


1 
11 

21 


June. 
15 48 
15 46 
15 46 


Dec. 
16 16 
16 17 

16 18 



22 
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TABLE XX. 
moon's JSP00E8. 



Yean. 


Eveetion. 


Anomaly. 


VariatioQ. 


Longitude. 1 




■ 


' 


n 


8 O 


' 


II 


8 


o 


' // 


8 


o 


/ 


II 


1846 


2 


45 


6 


26 


21 


2 


1 


5 


48 4 


10 


15 


48 


23 


1847 


7 


21 16 


35 


3 25 


4 


23 


5 


15 


25 29 


2 


25 


11 


28 


1848 B. 


1 


23 7 


5 


7 6 


51 


37 


10 


7 


14 21 


7 


17 


45 


8 


1849 


7 


13 38 


35 


10 5 


34 


57 


2 


16 


51 46 


11 


27 


8 


14 


1850 


1 


4 10 


4 


1 4 


18 


18 


6 


26 


29 11 


4 


6 


31 


20 


1851 


6 


24 41 


35 


4 3 


1 


38 


11 


6 


6 36 


8 


15 


54 


25 


1852 B. 





26 32 


5 


7 14 


48 


53 


3 


27 


55 29 


1 


8 


28 


6 


1853 


6 


17 3 


34 


19 13 


32 


13 


8 


7 


32 53 


5 


17 


51 


11 . 


1854 





7 35 


4 


1 12 


15 


34 





17 


10 19 


9 


27 


14 


17 


1855 


5 


28 6 


33 


4 10 


58 


54 


4 


26 


47 43 


2 


6 


37 


22 


1856 B. 


11 


29 57 


3 


7 22 


46 


9 


9 


18 


36 36 


6 


29 


11 


3 


1857 


5 


20 28 


33 


10 21 


29 


29 


1 


28 


14 1 


11 


8 


34 


9 


1858 


11 


11 


2 


1 20 


12 


50 


6 


7 


51 26 


3 


17 


57 


14 


1859 


5 


1 31 


33 


4 18 


56 


10 


10 


17 


28 52 


7 


27 


20 


20 


1860B, 


11 


3 22 


3 


8 


43 


25 


3 


9 


17 44 





19 


54 





1861 


4 


23 53 


33 


10 29 


26 


45 


7 


18 


55 9 


4 


29 


17 


6 


1862 


10 


14 25 


3 


1 28 


10 


6 


11 


28 


32 34 


9 


8 


40 


12 


1863 


4 


4 56 


33 


4 26 


53 


27 


4 


8 


10 


1 


18 


3 


18 


1864 B. 


10 


6 47 


2 


8 8 


40 


41 


8 


29 


58 51 


6 


10 


36 


58 


1865 


3 


27 18 


32 


11 7 


24 


2 


1 


9 


36 17 


10 


20 





4 


1866 


9 


17 50 


2 


2 6 


7 


23 


5 


19 


13 42 


2 


29 


23 


10 


1867 


3 


8 21 


32 


5 4 


50 


43 


9 


28 


51 8 


7 


8 


46 


15 


1868 B. 


9 


10 12 


2 


8 16 


37 


58 


2 


20 


40 





1 


19 


56 


1869 


3 


43 


33 


11 15 


21 


19 


7 





17 25 


4 


10 


43 


2 


1870 


8 


21 15 


2 


2 14 


4 


40 


11 


9 


54 50 


8 


20 


6 


8 


1871 


2 


11 45 


31 


5 12 


47 


1 


3 


19 


31 16 





29 


28 


13.7 


1872 B. 


8 


2 17 





8 11 


30 


21.7 


7 


29 


8 41 


5 


8 


51 


19.4 


1873 


2 


4 7 


31 


11 23 


17 


36.6 





20 


57 36 


10 


1 


25 


0.3 


1874 


7 


24:39 





2 22 





57.3 


5 





35 


2 


10 


48 


6 


1875 


1 


15 10 


29 


5 20 


44 


18 


9 


10 


12 24 


6 


20 


11 


11.7 


1876 B. 


7 


5 41 


59 


8 19 


27 


38.7 


1 


19 


49 50 


10 


29 


34 


17.4 


1877 


1 


7 32 


30 


1 


14 


53.6 


6 


11 


38 40 


3 


22 


7 


58.3 


1878 


6 


28 3 


59 


2 29 


58 


14.3 


10 


21 


16 5 


8 


1 


31 


4 


1879 





18 35 


28 


5 28 


41 


35 


3 





53 30 





10 


54 


9.7 


1880 B. 


6 


9 6 


58 


8 27 


24 


55.7 


7 


10 


30 55 


4 


20 


17 


15.4 


1881 





10 57 


29 


9 


12 


10.6 





2 


19 47 


9 


12 


50 


56.3 


1882 


6 


1 28 


58 


3 7 


55 


31.3 


4 


11 


57 12 


I 


22 


14 


2.0 


1883 


11 


22 


27 


6 6 


38 


52.0 


8 


21 


34 37 


6 


1 


37 


7.7 


1884 B. 


5 


12 31 


56 


9 5 


22 


12.7 


1 


1 


12 2 


10 


11 





13.4 


1885 


11 


14 22 


28 


17 


9 


27.6 


5 


23 


54 


3 


3 


33 


54.3 


1886 


5 


4 53 


57 


3 15 


52 


48.3 


10 


2 


38 19 


7 


12 


57 


0.0 


1887 


10 


25 25 


26 


6 14 


36 


9.0 


2 


12 


15 44 


11 


22 


20 


5.7 


.1888 B. 


4 


15 56 


57 


9 13 


19 


29.7 


6 


21 


53 9 


4 


1 


43 


11.0 


1889 


10 


17 47 


28 


25 


6 


44.6 


11 


13 


42 1 


8 


24 


16 


51.9 


1890 


4 


8 18 


57 


3 23 


50 


5.3 


3 


23 


19 26 


1 


3 


39 


57.6 
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TABLE X . 
moon's epochs. 



27 



Years. 


Supp. of Node. 


II. 


V. 


VI. 


VII. 


VIII. 


IX. 


X. 


1846 


8 

4 


o 
16 


?5 


If 
9 


s 
11 


o 
7 


56 


254 


258 


937 


941 


847 


113 


1847 


5 


5 


54 


52 


3 


26 


38 


668 


670 


245 


247 


927 


053 


1848 B. 


2 


25 


17 


45 


7 





9 


116 


122 


582 


587 


042 


997 


1849 


6 


14 


37 


27 


10 


20 


41 


531 


535 


889 


893 


122 


937 


1850 


7 


3 


57 


9 


2 


11 


13 


944 


947 


196 


200 


202 


876 


1851 


7 


23 


16 


51 


6 


1 


45 


358 


359 


504 


506 


282 


816 


1852 B. 


8 


12 


39 


44 


10 


3 


27 


806 


811 


841 


846 


398 


760 


1853 


9 


1 


59 


26 


1 


23 


59 


220 


223 


148 


152 


477 


700 


1854 ■ 


9 


21 


19 


9 


5 


14 


31 


634 


636 


456 


459 


557 


639 


1855 


10 


10 


38 


51 


9 


5 


3 


047 


048 


763 


765 


637 


579 


1856 B. 


11 





1 


44 


1 


6 


44 


495 


500 


100 


105 


753 


523 


185r 


11 


19 


21 


26 


4 


27 


16 


909 


912 


407 


411 


832 


463 


1858 





8 


41 


8 


8 


17 


48 


323 


325 


715 


718 


912 


402 


1859 





28 





51 





8 


20 


736 


737 


023 


024 


992 


342 


1860 B. 


1 


17 


23 


43 


4 


10 


1 


184 


189 


359 


364 


108 


286 


1861 


2 


6 


43 


27 


8 





33 


598 


601 


666 


670 


187 


226 


1862 


2 


26 


3 


9 


11 


21 


5 


012 


014 


974 


977 


267 


165 


1863 


3 


15 


23 


11 


3 


11 


37 


426 


426 


282 


283 


347 


105 


1864 B. 


4 


4 


45 


44 


7 


13 


18 


873 


878 


618 


623 


463 


049 


1865 


4 


24 


5 


46 


11 


3 


50 


287 


291 


926 


929 


542 


989 


1866 


5 


13 


25 


28 


2 


24 


22 


701 


703 


233 


236 


622 


928 


1867 


6 


2 


45 


10 


6 


14 


54 


115 


115 


544 


542 


702 


868 


1868 B. 


6 


22 


7 


43 


10 


16 


36 


563 


567 


877 


882 


818 


812 


1869 


7 


11 


27 


46 


2 


7 


8 


977 


980 


185 


188 


897 


752 


1870 


8 





47 


28 


5 


27 


40 


390 


392 


493 


495 


977 


691 


1871 


8 


20 


6 


49 


9 


18 


11 


803 


804 


800 


802 


057 


630 


1872 B. 


9 


9 


26 


31 


1 


8 


43 


216 


216 


108 


no 


137 


569 


1873 


9 


28 


49 


24 


5 


10 


25 


664 


668 


444 


450 


252 


514 


1874 


10 


18 


9 


6 


9 





57 


077 


080 


752 


758 


332 


453 


1875 


11 


7 


28 


48 





21 


29 


490 


492 


054 


064 


412 


392 


1876 B. 


11 


26 


48 


31 


4 


12 


1 


904 


905 


364 


370 


492 


.331 


1877 





16 


11 


24 


8 


13 


42 


352 


357 


700 


710 


607 


276 


1878 


1 


5 


31 


6 





4 


14 


765 


769 


008 


018 


687 


215 


1879 


1 


24 


50 


48 


3 


24 


46 


178 


181 


316 


326 


767 


154 


1880 B. 


2 


14 


10 


30 


7 


15 


18 


593 


593 


624 


630 


847 


093 


1881 


3 


3 


33 


23 


11 


16 


59 


041 


045 


960 


970 


962 


038 


1882 


3 


22 


53 


5 


3 


7 


31 


454 


457 


268 


278 


042 


977 


1883 


4 


12 


12 


47 


6 


28 


3 


867 


869 


576 


586 


122 


916 


1884 B. 


5 


1 


32 


29 


10 


18 


35 


280 


281 


884 


894 


202 


855 


1885 


5 


20 


55 


22 


« 


20 


16 


728 


733 


220 


234 


317 


800 


1886 


6 


10 


15 


4 


6 


10 


48 


141 


145 


528 


542 


397 


739 


1887 


6 


29 


34 


46 


10 


1 


20 


554 


557 


836 


850 


477 


678 


1888 B. 


7 


18 


.54 


28 


1 


21 


52 


967 


969 


144 


158 


557 


617 


1889 


8 


8 


17 


21 


5 


23 


33 


415 


421 


480 


498 


672 


562 


1890 


8 


27 


36 


3 


9 


14 


5 


828 


833 


788 


806 


752 


501 
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©igitized by VjOOQIC 



2S; 



TABLE XX. 
moon's motions vor months. 



Mouths. 



Evectioii. 



Anomaly. 



Variation. 



M. Longitude. 



J"- 1 Br 

March 

April 

M!ay 

June 

July 

August . . . , 

September. 
October. . . 
November. 
December . 




18 41 



20 48 42 

.9 29 43 

7 40 26 



9 28 29 8 

9 7 58 51 

8 28 47 33 

8 8 17 16 

7 29 5 59 

7 19 54 41 

6 29 24 24 

6 20 13 6 

5 29 42 49 




11 16 56 6 

1 15 53 
1 1 56 59 
1 20 50 4 





17 48 




11 

17 54 

5 
U 29 15 15 




33 

48 
43 31 



5 

7 
22 48 49 



50 57 
47 56 



6 24 45 48 

8 9 46 42 

9 24 47 35 
10 26 44 34 

11 45 27 

1 13 42 26 



17 10 3 

22 53 24 

10 48 11 

16 31 32 

4 26 20 





16 49 25 

18 28 6 

5 17 31 

27 24 27 



15 52 32 

21 10 3 

9 38 9 

14 55 40 

3 23 46 



2 22 21 7 

2 28 4 28 

3 15 59 16 
3 21 42 37 



10 21 51 52 

11 27 9 22 

1 15 37 28 

2 20 54 59 



TABLE XX. 

moon's motions fob DATS. 



Days. 


ETection. 


Anomaly. 


Variation. 


Mean Longitude. I 


1 


Ob r> 


0' 0" 


Os 


Oo 


0' 


0" 


Os 


OO 


0' 


0" 


Os 


OO 


0' 0" 


2 


11 


18 59 





13 


3 


54 





12 


11 


27 





13 


10 35 


3 


22 


37 59 





26 


7 


48 





24 


22 


53 





26 


21 10 


4 


1 3 


56 58 


1 


9 


11 


42 


1 


6 


34 


20 


1 


9 


31 45 


5 


1 15 


15 58 


1 


22 


15 


36 


1 


18 


45 


47 


1 


22 


42 20 


6 


1 26 


34 57 


2 


5 


19 


30 


2 





57 


13 


2 


5 


52 55 


7 


2 7 


53 57 


2 


18 


23 


24 


2 


13 


8 


40 


2 


19 


3 30 


8 


2 19 


12 56 


3 


I 


27 


18 


2 


25 


20 


7 


3 


2 


14 5 


9 


3 


31 55 


3 


14 


31 


12 


3 


7 


31 


34 


3 


15 


24 40 


10 


3 11 


50 55 


3 


27 


35 


6 


3 


19 


43 





3 


28 


35 15 


11 


3 23 


9 54 


4 


10 


39 





4 


1 


54 


27 


4 


11 


45 50 


12 


4 4 


28 54 


4 


23 


42 


54 


4 


14 


5 


54 


4 


24 


56 25 


13 


4 15 


47 53 


5 


6 


^6 


48 


4 


26 


17 


20 


5 


8 


7 


14 


4 27 


6 53 


5 


19 


50 


42 


5 


8 


28 


47 


5 


21 


17 35 


IS 


5 8 


25 52 


6 


2 


54 


36 


5 


20 


40 


14 


6 


4 


28 10 


16 


19 


44 51 


6 


15 


58 


29 


6 


2 


51 


40 


6 


17 


38 45 


17 


6 1 


3 51 


6 




2 


23 


6 


15 


3 


7 


7 





49 20 


18 


6 12 


22 50 


7 


12 


6 


17 


6 


27 


14 


34 


7 


13 


59 55 


19 


6 23 


41 50 


7 


25 


10 


11 


7 


9 


26 


1 


7 


27 


10 30 


20 


7 5 


49 


8 


8 


14 


5 


7 


21 


37 


27 


8 


10 


21 5 


21 


7 16 


19 49 


8 


21 


17 


59 


8 


3 


48 


54 


8 


23 


31 40 


22 


7 27 


38 48 


9 


4 


21 


53 


8 


16 





21 


9 


6 


42 16 


23 


8 8 


57 47 


9 


17 


25 


47 


8 


28 


11 


47 


9 


19 


52 51 


24 


8 20 


16 47 


10 





29 


41 


9 


10 


23 


14 


10 


3 


3 26 


25 


9 1 


35 46 


10 


13 


33 


35 


9 


22 


34 


41 


10 


16 


14 1 


26 


9 12 


54 46 


10 


26 


37 


29 


10 


4 


46 


7 


10 


29 


24 36 


27 


9 24 


13 45 


11 


9 


41 


23 


10 


16 


57 


34 


11 


12 


35 11 


28 


10 5 


32 45 


11 


22 


45 


17 


10 


29 


9 


1 


11 


25 


45 46 


29 


10 16 


51 44 





5 


49 


11 


11 


11 


20 


28 





8 


56 21 


30 


10 28 


10 43 





18 


53 


5 


11 


23 


31 


54 





22 


6 56 


31 


11 9 


29 43 


1 


1 


56 


59 





5 


43 


21 


1 


5 


17 31 J 
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TABLE XX. 
boon's motions vob mouths. 



29 



Months. 


Supp. of Node. 


II. 


V. 


VI. j VII. 


VIII. 


IX. 


X. 


^-)Br: 


8 















9 




o 






000 


000 


000 


000 


000 


030 


11 


39 


56 


49 


11 


18 


51 


966 


961 


973 


966 


964 


995 


F'-'JBr: 





1 


38 


30 


11 


15 


43 


54 


224 


875 


45 


111 


165 





1 


35 


19 


11 


4 


34 


30 


185 


847 


11 


75 


159 


March 





3 


7 


37 


9 


37 


59 


7 


330 


666 


989 


114 


313 


April 





4 


45 


57 


9 


13 


43 


61 


554 


543 


34 


235 


478 


May 





6 


31 


16 


8 


18 


15 


81 


738 


389 


46 


300 


638 


June ....... 





7 


59 


46 


8 


3 


58 


136 


963 


364 


91 


411 


803 


July 





9 


35 


5 


7 


8 


33 


156 


147 


lis 


103 


486 


968 


Angast > . . . . 





11 


13 


35 


6 


34 


15 


310 


371 


987 


147 


497 


126 


September... 





12 


52 


5 


6 


9 


58 


365 


595 


863 


193 


708 


391 


October. .... 





14 


27 


34 


5 


14 


32 


385 


780 


710 


304 


783 


451 


November. .. 





16 


5 


53 


5 





15 


339 


4 


585 


350 


894 


615 


December . . . 





17 


41 


13 


4 


4 


49 


359 


188 


433 


361 


969 


775 



TABLE XX. 
moon's uonoNs fok dats. 



Days, 


Supp. of Node. 


II. 


V. 


VI. 


VII. 


vin. 


IX. 


X. 


1 


Oo 0' 


0" 


Ofl 


OC 


> 0' 


000 


000 


000 


000 


000 


000 


3 





3 


11 




11 


9 


34 


39 


28 


34 


36 


5 


3 





6 


21 




22 


18 


68 


79 


56 


67 


72 


11 


4 





9 


32 


1 


3 


27 


103 


118 


85 


101 


108 


16 


5 





12 


52 


1 


14 


37 


136 


158 


113 


135 


143 


21 


6 





15 


53 


1 


25 


46 


170 


197 


141 


169 


179 


27 


8 





19 


4 


2 


6 


55 


304 


237 


169 


202 


215 


32 


8 





32 


14 


3 


18 


4 


338 


276 


198 


336 


351 


37 


9 





25 


25 


2 


29 


13 


373 


316 


226 


270 


387 


43 


10 





38 


36 


3 


10 


22 


306 


355 


254 


303 


333 


48 


11 





31 


46 


3 


21 


31 


340 


395 


282 


337 


358 


53 


13 





34 


57 


4 


2 


40 


374 


434 


311 


371 


394 


58 


13 





38 


7 


4 


13 


50 


408 


474 


339 


405 


430 


64 


14 





41 


18 


4 


24 


59 


443 


613 


367 


438 


466 


69 


15 





44 


29 


5 


6 


8 


476 


553 


395 


472 


502 


74 


16 





47 


39 


5 


17 


17 


510 


592 


424 


506 


538 


80 


17 





50 


50 


5 


28 


36 


544 


632 


452 


539 


573 


85 


18 





54 


1 


6 


9 


35 


578 


671 


480 


573 


609 


90 


19 





57 


11 


6 


20 


44 


612 


711 


508 


607 


645 


96 


30 







22 


7 


1 


53 


646 


750 


537 


641 


681 


101 


31 




3 


33 


7 


13 


3 


680 


790 


565 


674 


717 


106 


32 




6 


43 


7 


24 


12r 


714 


829 


593 


708 


753 


112 


33 




9 


54 


8 


5 


21 


748 


8«9 


621 


742 


788 


117 


34 




13 


5 


8 


I« 


30 


783 


908 


650 


775 


.824 


122 


35 




16 


15 


8 


27 


.3^ 


816 


948 


678 


809 


860 


128 


36 




19 


26 


9 


8 


48 


850 


987 


706 


843 


896 


133 


37 




32 


36 


9 


19 


57 


884 


027 


734 


877 


932 


138 


38 




25 


47 


10 


1 


6 


918 


066 


762 


910 


968 


143 


39 




28 


58 


10 


12 


16 


952 


106 


791 


944 


003 


149 


30 




32 


8 


10 


23 


35 


986 


145 


819 


978 


039 


154 


31 




35 


19 


11 


4 


34 


020 


185 


847 


Oil 


075 


151 
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TABLE XX. 
moon's motions ior houbs. 



Roun. 


Evection. 


Anomaly. 


Variation 


Longitude. 




o 


/ 


n 


o 


/ 


It 


o 


/ 


ti 


o 


r II 


1 





28 


17 





32 


40 





30 


29 





32 56 


2 





56 


35 


1 


5 


19 


1 





57 


1 


5 53 


3 


1 


24 


52 


1 


37 


59 


1 


31 


26 


1 


38 49 


4 


1 


53 


10 


2 


10 


39 


2 


1 


54 


2 


11 46 


5 


2 


21 


27 


2 


43 


19 


2 


32 


23 


2 


44 42 


6 


2 


49 


45 


3 


15 


58 


3 


2 


52 


3 


17 39 


7 


3 


18 


2 


3 


48 


38 


3 


33 


20 


3 


50 35 


8 


3 


46 


20 


4 


21 


18 


4 


3 


49 


4 


23 32 


9 


4 


14 


37 


4 


53 


58 


4 


34 


17 


4 


56 28 


10 


4 


42 


55 


5 


26 


37 


5 


4 


46 


5 


29 25 


11 


5 


11 


12 


5 


59 


17 


5 


35 


15 


6 


2 21 


12 


5 


39 


30 


6 


31 


57 


6 


5 


43 


6 


35 17 


13 


6 


7 


47 


7 


4 


37 


6 


36 


12 


7 


8 14 


14 


6 


36 


5 


7 


37 


16 


7 


6 


40 


7 


41 10 


15 


7 


4 


22 


8 


9 


56 


7 


37 


9 


8 


14 7 


16 


7 


32 


40 


8 


42 


36 


8 


7 


38 


8 


47 3 


17 


8 





57 


8 


15 


16 


8 


38 


6 


9 


20 


18 


8 


29 


15 


9 


47 


65 


9 


8 


35 


9 


52 56 


19 


8 


57 


32 


10 


20 


35 


9 


39 


3 


10 


25 53 


20 


9 


25 


50 


10 


53 


15 


10 


9 


32 


10 


58 49 


21 


9 


54 


7 


11 


25 


55 


10 


40 


1 


11 


31 46 


22 


10 


22 


24 


11 


58 


34 


11 


10 


29 


12 


4 42 


23 


10 


50 


42 


12 


31 


14 


11 


40 


58 


12 


37 39 


24 


11 


18 


59 


13 


3 


54 


12 


11 


27 


13 


10 35 



TABLE XXI. 

moon's motions irOK MINT7TXS. 



Min. 


Evec. 


Anomaly. 


Variations. 


Longitude. 


Sup. 
Node. 


IL 




, „ 


' i" 


/ // 


/ II 


II 


II 


1 


28 


33 


30 


33 








5 


2 21 


2 43 


2 32 


2 45 


1 


2 


10 


4 43 


5 27 


5 5 


5 29 


1 


5 


15 


7 4 


8 10 


7 37 


8 14 


2 


7 


20 


9 26 


10 53 


10 10 


10 59 


3 


9 


25 


11 47 


13 37 


12 42 


13 43 


3 


12 


30 


14 9 


16 20 


15 14 


16 28 


4 


14 


35 


16 30 


19 3 


17 47 


19 13 


5 


16 


40 


18 52 


21 46 


20 19 


21 58 


5 


19 


45 


21 13 


24 30 


22 52 


24 42 


6 


21 


50 


23 34 


27 13 


25 24 


27 27' 


7 


23 


55 


25 56 


29 56 


27 56 


30 12 


7 


26 


60 


28 17 


32 40 


30 29 


32 5c; 


8 


28 
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TABLE XX. 
moon's motions for hours. 



SI 



r ■ ' 
' Hours. 


Sapp. of 
Node. 


II. 


V. 


VI. 


VII. 


VIII. 


IX. 


X. 




# w 


O ' 














1 


8 


28 


1 


2 


1 


1 


1 





1 ^ 


16 


56 


3 


3 


2 


3 


3 





! 3 


24 


1 24 


4 


5 


4 


4 


4 


1 


4 


32 


1 52 


6 


7 


5 


6 


6 


1 


5 


40 


2 19 


7 


8 


6 


7 


7 


1 


6 


48 


2 47 


9 


10 


7 


9 


9 


1 


7 


56 


3 15 


10 


12 


8 


10 


10 


2 


' 8 


1 4 


3 43 


11 


13 


9 


11 


12 


2 


9 


1 11 


4 11 


13 


15 


11 


13 


13 


2 


10 


1 19 


4 39 


14 


16 


12 


14 


15 


2 


n 


1 27 


5 7 


16 


18 


13 


15 


16 


2 


12 


1 35 


5 35 


17 


20 


14 


17 


18 


3 


13 


1 43 


. 6 2 


18 


21 


15 


18 


19 


3 


14 


1 51 


6 30 


20 


23 


16 


19 


21 


3 


15 


1 59 


6 58 


21 


25 


18 


21 


22 


3 


16 


2 7 


7 26 


23 


26 


19 


22 


24 




17 


2 15 


7 54 


24 


28 


20 


24 


25 




18 


2 23 


8 22 


26 


29 


21 


25 


27 


4 , 


19 


2 31 


8 50 


27 


31 


22 


27 


28 




20 


9 39 


9 18 


28 


32 


24 


28 


30 




21 


2 47 


9 45 


30 


34 


25 


29 


31 


5 


22 


2 55 


10 13 


31 


36 


26 


31 


33 


5 


23 


3 3 


10 41 


33 


38 


27 


32 


34 


5 


24 


3 11 


11 9 


34 


39 


28 


34 


36 


5 



TABLE A* 

PSRTURBATIONS OV EARTH'S 
RADIUS VECTOR. 



Arg. 


I. 


II. 


III. 


Arg. 


I. 


II. 


III. 





8 


4 


3 


500 


2 





4 


50 


8 


4 


3 


550 


2 


1 


4 


100 


7 


4 


2 


600 


3 


1 


3 


150 


7 


4 


1 


650 


3 


2 


2 


200 


6 


4 





700 


4 


3 


1 


250 


5 


4 





750 


5 


4 





300 


4 


3 


1 


800 


6 


4 





350 


3 


2 


2 


850 


7 


4 


1 


400 


3 


1 


3 


900 


7 


4 


2 


450 


2 


1 


4 


950 


8 


4 


3 


500 


2 





4 


1000 


8 


4 


3 



TABLE B. 

C>'8 AP^BOX. LAT.^ — ASS. N. 



N. 


N. 


S. 


S. 


D's 


A. 



D. 


D. 


A. 


Lat. 


500 


500 


1000 





5 


495 


505 


995 


9 41 


10 


490 


510 


990 


19 22 


15 


485 


515 


985 


29 3 


20 


480 


520 


980 


38 40 


25 


475 


525 


975 


48 18 


30 


470 


530 


970 


58 40 


35 


465 


535 


965 


67 28 


40 


460 


540 


960 


76 45 


45 


455 


545 


955 


86 21 


50 


450 


550 


950 


95 26 


55 


445 


555 


945 


04 56 
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32 TABLE XXI 

JIRflT IQUATION Of MOON'S LOHOITUDB. — AROUMIRT L 



Arj. 




100 
300 
300 
400 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
50OO 



Diff. 



12 40 

11 58 

11 16 

10 34 



53 
12 
32 
54 
16 



6 40 
6 6 



33 
2 

32 
5 

40 

17 



2 56 

2 38 

2 22 

2 9 



58 
50 
44 
41 
41 
43 



1 48 



55 
5 



2 17 

2 32 

2 49 

3 8 
3 30 
3 53 



19 
46 
16 

47 



6 19 
6 53 



28 
5 



8 42 

9 20 
9 59 

10 39 

11 19 

11 59 

12 40 



42 

42 

42 

41 

41 

40 

38 

38 

36 

34 

33 

31 

30 

37 

25 

23 

21 

18 

16 

13 

11 

8 

6 

3 



2 

5 

7 

10 
12 
15 
17 
19 
22 
23 
26 
27 
30 
31 
32 
34 
35 
37 
37 
38 
39 
40 
40 
40 
41 



Al» 



5000 


13 


40 


5100 


13 


20 


5300 


14 


1 


5300 


14 


41 


5400 


15 


20 


5500 


16 





5600 


16 


38 


5700 


17 


15 


5800 


17 


52 


5900 


18 


27 


6000 


19 


1 


6100 


19 


33 


6200 


30 


4 


6300 


20 


33 


6400 


21 


1 


6500 


21 


87 


6tm 


21 


50 


6700 


22 


12 


6800 


32 


31 


6900 


22 


48 


7000 


23 


3 


7100 


33 


15 


7200 


23 


25 


7300 


33 


32 


7400 


33 


37 


7500 


33 


39 


7600 


33 


39 


7700 


33 


36 


7800 


33 


30 


7900 


33 


23 


8000 


33 


11 


8100 


33 


58 


8200 


33 


42 


8300 


33 


24 


8400 


32 


3 


8500 


31 


40 


8600 


31 


15 


8700 


20 


48 


8800 


20 


18 


8900 


19 


47 


9000 


19 


14 


WOO 


18 


40 


9200 


18 


4 


9300 


17 


36 


9400 


16 


48 


9500 


16 


8 


9600 


15 


az 


9700 


14 


46 


9800 


14 


4 


9900 


13 


33 


lOOOO 


12 


40 



Diff. 



40 
41 
40 
39 
40 
38 
37 
37 
35 
34 
33 
31 
30 
38 
26 
23 
22 
19 
17 
15 
12 
10 
7 
5 
2 

3 
6 
8 
11 
.13 
16 
18 
31 
33 
35 
37 
30 
31 
33 
34 
36 
38 
38 
40 
41 
41 
43 
42 
43 



Digitized by VjOOQIC 



TABLE XXIL 33 

fiQUATtoNs 2 TO 7 OF hoon's LONGITUDB.— ABGUMKNTS 2 TO 7. 



Arg. 


2 


3 


4 


5 


6 


7 


Arg. 




, 


n 


, 


II 


/ 


II 


, 


II 


» II 


/ 


II 




2500 




57 





•2 


6 


30 


3 


39 


6 





1 


2500 


2600 




57 





2 


6 


30 


3 


39 


6 





1 


2400 


2700 




56 





3 


6 


29 


3 


38 


7 





1 


2300 


2800 




55 





3 


6 


27 


3 


37 


8 





2 


2200 


2900 




53 





4 


6 


SH 


3 


36 


9 





3 


2100 


3000 




50 





5 


6 


21 


3 


34 


10 





4 


2000 


3100 




47 





< 


6 


17 


3 


32 


n 





5 


1900 


3200 




43 





8 


6 


12 


3 


29 


14 





6 


1800 


3300 




39 





9 


6 


7 


3 


26 


17 





8 


1700 


3400 




34 





11 


6 


1 


3 


22 


19 





10 


1600 


3500 




29 





13 


5 


54 


3 


18 


22 





12 


1500 


3600 




23 





15 


5 


47 


3 


14 


25 





14 


1400 


3700 




17 





18 


5 


39 


3 


10 


29 





17 


1300 


3800 




11 





20 


5 


30 


3 


5 


33 





19 


1200 


3900 




4 





23 


5 


21 


3 





37 





22 


1100 


4000 


3 


57 





26 


5 


12 


2 


54 


41 





25 


1000 


4100 


3 


49 





29 


5 


2 


2 


49 


45 





28 


900 


4200 


3 


41 





32 




52 


2 


43 


50 





31 


800 


4300 


3 


33 





35 




41 


2 


37 


54 





35 


700 


4400 


3 


24 





39 




30 


2 


30 


59 





38 


600 


4500 


3 


15 





42 




19 


2 


24 


1 4 





42 


500 


4600 


3 


7 





46 




7 


2 


17 


1 9 





45 


400 


4700 


2 


58 





49 


3 


56 


2 


10 


1 14 





49 


300 


4800 


2 


48 





53 


3 


44 


2 


4 


1 19 





53 


200 


4900 


2 


39 





56 


3 


32 




57 


1 25 





56 


100 


5000 


2 


30 







3 


20 




50 


1 30 







0000 


5100 


2 


21 




^ 


3 


8 




43 


1 35 




4 


9900 


5200 


2 


11 




2 


56 




36 


1 40 




7 


9800 


5300 


2 


2 




U 


2 


44 . 




29 


1 46 




11 


,9700 


5400 




53 




14 


2 


33 




23 


1 51 




15 


9600 


5500 




44 




18 


2 


21 




16 


1 56 




18 


9500 


5600 




36' 




21 


2 


10 




10 


2 1 




22 


9400 


5700 




27 




25 




59 




3 


2 6 




25 


9300 


5800 




19 




28 




48 





57 


2 10 




28 


9200 


6900 




11 




31 




38 





51 


3 15 




32 


9100 


6000 




3 




34 




28 





46 


2 19 




35 


900O 


6100 





56 




37 




19 





40 


2 23 




38 


8900 


6200 





49 




39 




10 





35 


2 27 


/ 1 


40 


8800 


6300 





33 




42 




1 





30 


2 31 




43 


8700 


6400 





36 




44 





53 





26 


2 35 




46 


8600 


6500 





31 




47 





46 





21 


3 38 




48 


8500 


6600 





26 




49 





39 





18 


2 41 




50 


8400 


6700 





21 




51 





33 





14 


2 43 




52 


8300 


6800 





17 




52 





28 





11 


3 46 




54 


8200 


6900 





13 




54 





23 





8 


2 48 




55 


8100 


7000 





10 




55 





19 





6 


2 50 




56 


8000 


7100 





7 




56 





16 





4 


2 51 




57 


7900 


7200 





5 




57 





13 





2 


3 52 




58 


7800 


7300 





4 




57 





11 





1 


3 53 




59 


7700 


7400 





3 




58 





10 





1 


3 54 




59 


7600 


7500 





3 




58 





18 





1 


3 54 




59 


7500 
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^^ TABLE XXIII. 

aQU4TI01l8 8 TO 9 Of M00N*8 LONGITUDB. — ABOUMJOITS 8 TO 9. 



AfJ. 


H 


9 


Arj. 


8 


9 




, 


n 


, 


II 




, 


n 


/ 


ff 







30 




20 


5000 




30 




90 . 


100 




15 




39 


5100 




34 




d6 


900 




11 




37 


5300 




39 




31 


300 




7 




46 


5300 




33 




37 


400 




9 




54 


5400 




37 




43 


500 





58 


3 


1 


5500 




43 




47 


600 





54 


3 


8 


5600 




46 




51 


700 





50 


3 


15 


5700 




50 




55 


80O 





46 


3 


30 


5800 




54 




58 


900 





43 


3 


35 


5900 




58 


3 





1000 





38 


3 


39 


6000 


2 


1 


2 


1 


1100 





35 


3 


33 


6100 


2 


5 


2 


3 


ItHK) 





31 


3 


34 


6200 


2 


8 


2 


2 


i:WO 





38 


3 


35 


6300 


2 


11 


2 


1 


1400 





35 


3 


35 


6400 


2 


14 




59 


1500 





33 


3 


34 


6500 


2 


17 




56 


1600 





30 


3 


33 


6600 


2 


19 




52 


1700 





18 


2 


29 


6700 


2 


33 




48 


1800 





16 


2 


26 


6800 


9 


34 




43 


1900 





14 


2 


21 


6900 


2 


35 




38 


3000 





13 


2 


16 


7000 


2 


27 




32 


2100 





11 


2 


1] 


7100 


2 


38 




25 


2300 





10 


2 


4 


7900 


2 


39 




18 


2300 





10 




58 


7300 


3 


30 




11 


3400 





9 




51 


7400 


9 


30 




4 


3500 





9 




43 


7500 


3 


31 





56 


3600 





10 




36 


7600 


3 


30 





49 


3700 





10 




29 


7700 


2 


30 





42 


3800 





11 




22 


7800 


9 


39 





36 


3900 





13 




15 


7900 


2 


38 





29 


3000 





13 




8 


8000 


2 


37 





24 


3100 





15 




2 


8100 


2 


36 





18 


3300 





16 





57 


8200 


2 


34 





14 


3300 





18 





52 


8300 


2 


22 





10 


3400 





31 





47 


8400 


2 


20 





8 


43500 





33 





44 


8500 


2 


17 





6 


3600 





36 





41 


8600 


2 


15 





5 


3700 





39 





39 


8700 


2 


12 





5 


3800 





33 





38 


8800 


2 


9 





6 


3900 





35 





38 


8900 


2 


5 





8 


4000 





39 





39 


9000 


3 


3 





11 


4100 





43 





40 


9100 




58 





15 


4300 





46 





42 


9200 




54 





20 


4300 





50 





45 


9300 




50 





25 


4400 





54 





49 


9400 




46 





32 


4500 





58 





53 


9500 




43 





39 


4600 




3 





58 


9600 




38 





46 


4700 




7 


1 


3 


9700 




33 





54 


4800 




11 


1 


9 


9800 




39 


1 


3 


4900 




16 


1 


14 


9900 




34 


1 


11 


5000 




30 


1 


30 


10000 




30 


1 


20 
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XQUATIONS 10 AND 11. 



TABLE XXIII. 

EQUATIONS 12 TO 19. 



35 

EQUATION 20. 



Axff, 


10 


11 


Arg. 


10 11 




If 


If 1 




^n f-f 


D 


10 


10 


SCO 


10; 10 


10 





11 


510 


lOlll 


30 


9 


13 


:«30 





11 


an 


& 


13 


530 





la 


4Q 


7 


14 


540 


& 


13 


50 


7 


IS 


aso 


s 


14 


60 


fi 


m 


560 


It n 


:o 


fl 


17 


570 


fl 15 


eo 


5 


17 


5^ 


7 


15 


00 


a 


lEj 


590 


7 


15 


100 


s 


IS 


000 


7 


16 


110 


4 


10 


610 


T 


m 


m 


4 


10 


030 


7 


Ifi 


im 


4 


IB 


830 


7 


10 


140 


4 


1» 


«40 


7 


15 


im 


4 


19 


050 


8 


15 


m 


4 


1!> 


mi 


H 


u 


no 


4 


]H 


070 


B 


14 


180, 


a 


le 


68Ck 


9 


13 


190 


s 


n 


m 


9 


13 


suo 


5 


16 


TOO 


10 


Ifl 


£10 


fi 


16; 


710 


ID 


11 


fm 


6 


%S 


730 


11 


30 


^ 


7 


u 


730 


11 


S 


340: 


7 


u 


710 


13 


D 


350 


8 


IS 


750 


IS 


fl 


tS50 


8 


11 


700 


13 


7 


!^70 


9 


10 


770 


13 


6 


^MJ 


9 


10 


7B0 


14 


5 


390 


10 


9. 


790 


14 


4 


300 ' 


10 


« 


soo 


15 


3 


310 


11 


7 


mo 


15 


3 


300, 


11 


6 


S30 


15 


S 


3^0 


n 


c; 


fi30 


10 




340 


12 


5 


B40 


IC 




BO 


13 


5 


i.^ 


m 




330 


12 


5 


WJO 


irt 




370 


13 


4 


WD 


16 




380 


13 


4 


i8D 


m 




390 


13 


1 


tiSO 


m 




400 


13 


4 


BOO 


15 


S 


410 


13 


5 


»10 


15 


3 


^ 


IS 


5 


(KO 


15 


3 


m 


li 


5 


■)30 


M 


% 


440 


U 


U 


1^0 


H 


4 


45G 


13 





1J50 


13 


5 


4G0 


11 


7, 


DOO 


13 


6 


470 


n 


ft- 


DTO 


19 


7 


m 


n 


B 


OBO 


11 


a 


400 


10 


»l 


mi 


11 


^ 


SfXt 10 


lol 


IffiKl 


10 


1«^ 



ArgJlS 


13 


u 


1? 


1617 

_|_ 


10 


19 


A,« 


^f 


II 




M 


tr 


tf 


It 




m 3 


2 


s 





34 3 


17 




3fi0 


1^ s 


3 


« 


01 S4; 3 


17 




340 


j:o 


3 


li 


!f 


0:34! 3 


17 




39Di 


3H0 


3 


3 


S 


0331 3 


17 




£M) 


2)0 


a 


3 


8 


od4 


Id 




330 


800 


a 


3 


e 


0I»|4 


le 




m 


81D 


s 


3 





1 331 4 

1 ^ 4 


10 




i» 


asQ 


4 


a 


B 


1« 




ISD 


330 


4 


4 





](a3j 4 
a 31^ 1 


16 




170 


340 


5 


4 


10 


le 




leo 


3S0 


e 


5 


la 


u 




m 


360 


fl 


fi 


11 


3 31J fi 


IB 




140 


370 


7 


7 


11 


15 




130 


380 


g 


7 


19 


aliffl? 5! 


Ifi 




13D 


%Q 


e 


8 


13 


4 


3e^fl 


14 




110 


400 


w 


9 


13 


4 


m 


i 


U 




160 


410 la 


1013 


537 


6 


14 




IW 


4^111 


11 


H 


527 


7 


13 




SQ 


430 115 


13 


15 


fl3^ 


7 


13 




70 


i«}|ia 


13 


IS 


6 


as 


S 


13 




eo 


4W|14 


14 


IB 


7 


34 


B 


13 




60 


480 


lb' 


IS 


17 


7 


33 


g 


13 




40 


47U 


17 


16 


la 


8 


^1 9 


U 




80 


m 


IS 


IH 


IR 


31^ 9 


11 




SO 


4M 


1^ 


19 


la 


» 


31|10 


10 


10 


10 


500 


SO 


ao 


30 


10 


iO 


10 


10 


10 


040 


fi30 


21 


31 


ai 


11 


11^ 


10 


Id 


10 


m 


fi^ 


33 


33 


31 


11 


w 


11 




11 


%m 


fiao 


aa 


aa 


3i 


13 


17 


11 




11 


m 


540 


M 


ai 


m 


u 


If 


u 




13 


m 


sm 


K 


» 


31 


13 


lis 


19 




13 


960 


m 


m 


37 


34 


14 


IS 


IS 




la 


&40 


5^0 


37 


^ 


iiS 


li 


u 


13 




IB 


330 


5^ 


36 


iift 


!Ji 


Ifi 


13 


13 




13 


m 


m 


3IJ 


30 


3t^ 


IS 


13 


13 




14 


m 


600 


3Q 


ai 


27 


la 


13 


14 
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moon's distance from the north pole of the ecliptic. 
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TABLS XXXI. 
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ICOON's HOURLY MOTION IN LON- 
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moon's HOUBLT motion in LONGITUDl. 
ABOOiODm. Sam of preceding equations, and Anomaly, oonveted. 
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TABLE XXXIX. 

MOOir's HOUBLT MOTION IN LONOITUDN. 
Abodiomt. Anomaly, corrected. 
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TABLE XL. 
hoon's houbly motion in lonoituds. 

Sum of preceding equatioiu, and Argument of Variatioii. 
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moon's hourly motion in lonoituds. 
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MOON^S HOUBLT MOTION IN LATITUDN. 
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18 


1 18 


8 88 


8 68 




81 


8 87 


1 86 


6 


1 SI 


8 81 


a 68 




80 


8 81 


1 88 





1 SO 


a 84 


8 n 






JLU+ 


Xi+ 


IX.+ 


vnfc- 


"Vlli— 


Vli— 





TABLE XLIV. 

IOON'b HOUBLT MOTION IN LATITUDB. 
ABoumifT. Aiganient II, of Latltade. 





0.+ 


I»+ 


nn- 


ra^- 


IV»- 


v»- 




OP 


4" 


4" 


8" 


0" 


8" 


4" 


SOP 


6 














84 


IS 














18 


18 














18 


84 














6 


80 



















MH- 


x»+ 


IXH- 


Tin*— 


vn*- 


▼!■- 
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- 


1' 


2' 


3' 


4' 


5' 


T 

6' 


r 


0" 


00000 


17789 


14771 


13010 


11761 


10799 


10000 


9881 




86663 


17710 


14736 


12986 


11743 


10777 


9988 


9390 




82658 


17639 


14699 


12962 


11725 


10768 


9976 


9310 




80799 


17670 


14664 


12939 


11707 


10749 


9964 


9300 




99649 


17801 


14629 


12915 


11689 


10734 


9969 


9289 




98673 


17484 


14694 


12S91 


11671 


10720 


994D 


9279 




97789 


17868 


14669 


12868 


11664 


10706 


9998 


9909 




97113 


17892 


14625 


12845 


11636 


10699 


9916 


9269 




96639 


17288 


14491 


19821 


11619 


10678 


9906 


9949 




96021 


17176 


14467 


12798 


11601 


10668 


9868 


9988 


10 


96689 


17112 


14424 


12775 


11684 


10649 


9881 


8988 


11 


261# 


17060 


14890 


12763 


11666 


10686 


9869 


9218 


12 


24771 


16660 


14867 


12730 


11649 


10621 


.9868 


9908 


18 


94494 


16680 


14896 


12707 


11632 


10606 


9646 


9198 


14 


24102 


16871 


14992 


12686 


11615 


10694 


9884 


9188 


IS 


28802 


16812 


14960 


12663 


11498 


10680 


9899 


9178 


16 


23628 


16766 


1«28 


12640 


11481 


10666 


9811 


9188 


17 


23268 


16698 


14196 


12618 


11464 


10562 


9800 


9168 


18 


23010 


16642 


14166 


12596 


114S7 


10689 


9788 


9148 


19 


22776 


16687 


14133 


12574 


11430 


10626 


9777 


9138 


90 


22653 


16532 


14102 


12563 


11413 


10612 


9768 


9198 


91 


99841 


16478 


14071 


12531 


11397 


10498 


9754 


9119 


99 


2^39 


16495 


14040 


12510 


11380 


10484 


9742 


9109 


99 


21946 


16372 


14010 


12488 


11363 


10471 


9781 


9099 


9i 


21761 


16390 


13979 


12467 


11347 


10458 


9790 


9089 


25 


21584 


16269 


13949 


12446 


11331 


10444 


9706 


9079 


91 


21«3 


16918 


13919 


19124 


11314 


10431 


9697 


9070 


91 


81248 


16168 


13890 


12403 


11298 


10418 


9686 


9060 


9S 


21081 


16118 


13860 


12382 


11282 


10404 


9676 


9060 


99 


20688 


16068 


13831 


12362 


11266 


10391 


9664 


9041 


80 


20792 


16021 


13809 


12341 


11249 


10378 


9652 


9031 


81 


90649 


16973 


18773 


19320 


11^ 


10966 


9641 


9oa 


89 


90619 


16686 


18746 


1230O 


11217 


10369 


9630 


9Qflfl 


. 88 


90378 


16878 


18716 


12279 


11201 


10339 


9619 


9009 


84 


20248 


16682 


18688 


19269 


11186 


10396 


9608 


8998 


36 


80129 


16786 


13660 


19239 


11170 


10313 


9697 


8988 


88 


20000 


16740 


18639 


12318 


11164 


10300 


9686 


8878 


87 


19881 


16695 


18604 


12198 


11138 


10287 


9675 


8864 


88 


19766 


16661 


18676 


12178 


11123 


10274 


9664 


8954 


S9 


19662 


15607 


18649 


12169 


11107 


10261 


9668 


8946 


40 


19649 


15563 


13622 


12139 


11091 


10248 


9649 


8936 


41 


19485 


16680 


13496 


12119 


11076 


10236 


9688 


8996 , 


49 


19831 


16477 


13468 


19099 


11061 


10293 


9691 


8917 


48 


19298 


16435 


13441 


12080 


11046 


10210 


9610 


8907 


44 


19198 


16893 


13416 


12061 


11030 


10197 


9499 


8808 


46 


19031 


15361 


13388 


12041 


11015 


10186 


9488 


8888 


49 


18986 


18810 


18862 


12028 


10999 


10172 


9478 


8878 


47 


18849 


16969 


18836 


12008 


10984 


10160 


9467 


8830 


48 


18751 


16899 


18810 


11964 


10069 


10147 


9466 


8861 


49 


18661 


16189 


18284 


11966 


10964 


10136 


9446 


8861 


60 


18573 


15149 


18969 


11946 


10939 


10122 


9486 


8849 


n 


IWW 


15110 


18888 


11927 


10894 


10110 


9486 


8888 


tt 


1840S 


16071 


18908 


11908 


10909 


10098 


9414 


8894 


m 


18338 


16689 


18183 


11889 


10894 


10086 


9404 


8814 


84 


18239 


14994 


18158 


11871 


10880 


10078 


9899 


8805 


66 


1«!59 


14966 


18133 


11868 


10866 


10061 


9383 


8796 


99 


18181 


14n8 


18106 


11884 


10880 


10048 


9B7S 


8787 


m 


18MM 


14K1 


18088 


118U 


10686 


10036 


9868 


8778 


99 


17999 


14844 


18669 


11797 


10881 


10094 


98S1 


8788 


09 


17866 


14868 


18684 


11779 


10806 


10012 


9641 


8789 


• 69 


17789 


14771 


1801O 


IIW 


10798 


10600 


9681 


8761 
















J 


Sd 
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S' 


9' 


W 


11' 


t ly 


13' 


14' 


1 ly 


lO" 




0" 


W8I 


no» 


7788 


9388 


6890 


6649 


6390 


OOSI 


•74D 






9713 


feci 


7774 


7861 


eoM 


6687 


6816 


0016 


6786 






(C33 


uu 


7767 


9864 


6978 


6631 


6310 


OOU 


8731 






tfJM 


f^\b 


7780 


7848 


6979 




6306 


O0O6 


•797 






WW 


ttMfi 


7783 


1341 


6066 


0890 


6800 


0001 


K99 






8;<N 


81» 


T746 


7386 


6860 


•614 


ft94 


8097 


. S718 






M9T 


«M 


T73S 


739B 


6864 


6809 


•8B9 


6009 


•718 






W^ 


8i»a 


7731 


7338 


6948 


6809 


0884 


0087 


0788 






W79 


817A 


7784 


7316 


6949 


0886 


6V9 


tt89 


•304 






WTO 


M«7 


7717 


9300 


6896 


6898 


0974 


6077 


6300 




10 


8861 


81W 


7710 


7309 


6980 


OMT 




<K8 


0696 




u 


M88 


8188 


7703 


7996 


6884 


0881 


6964 


n68 


0891 




u 


8»43 


8144 


im 


7880 


6818 


6676 


6969 




0686 




u 


»36 


813S 


7688 


7«8 


6819 


6670 


6964 


0968 


0688 




u 


8836 


nj8 


7681 


7876 


6006 


6666 


6948 


064 


6677 




tt 


8617 


8U0 


7674 


7970 


6000 


0669 


0948 


•940 


6698 




M 


8S08 


8118 


7867 


7964 


6884 


6864 


6938 


•B44 


0660 




17 


8888 


8104 


7600 


7967 


6888 


6648 


6338 




6664 




IB 


8601 


8007 


7663 


7961 


6889 


6648 


6998 


•886 


0660 




19 


8688 


8088 


7646 


7944 


6877 


6688 


6933 


•680 


0666 




» 


8673 


8081 


7680 


9S38 


6871 


6639 


6818 


6996 


06a 




n 


8B66 


8078 


7689 


9988 


6866 


0BB7 


0B18 


6990 


6646 




n 


8866 


8086 


7886 


9986 


6869 


osn 


6908 


6916 


0648 




» 


8647 


8068 


7618 


9919 


6863 


6516 


6308 


8011 


0687 




M 


86» 


80GO 


7611 


9819 


6847 


6610 


6198 


6008 


0688 




m 


8680 


8048 


9804 


7906 


6841 


6606 


6198 


6909 


6699 




u 


8888 


8086 


7897 


7900 


6886 


6600 


6188 


6897 


0884 




m 


8618 


8087 


7880 


7198 


6880 


6494 


6188 


6899 


0680 




S8 


8604 


8030 


7688 


7187 


6884 


6489 


6178 


6888 


6610 




9 


8486 


8018 


7W7 


7181 


6818 


6484 


6173 


6888 


6611 




» 


8487 


8004 


7690 


7176 


6819 


6478 


6168 


6878 


06D7 




n 


8I78 


7997 


7868 


7188 


6807 


6473 


6163 


6874 


•SQ9 




at 


84m 


7988 


7866 


7189 


6801 


6467 


6168 


6860 


0688 




n 


8488 


79B1 


7848 


7166 


6996 


6489 


6158 


6864 


0684 




s 


8168 


7974 


7648 


7149 


6789 


6467 


6148 


6860 


0689 




8448 


7986 


7886 


7143 


6784 


6461 


6143 


686B 


0686 




w 


8487 


7968 


7888 


7187 


6778 


6446 


6188 


6860 


06BD 




17 


8488 


7961 


7688 


7m 


6779 


6441 


6188 


6846 


66!« 




88 


8480 


7944 


7616 


7194 


6766 


6486 


6138 


6841 


6679 




19 


8411 


7986 


7608 


7118 


6781 


6430 


6198 


6886 


6667 




« 


8408 


7988 


7601 


7119 


6766 


6486 


6118 


6888 


0668 




41 


8886 


9981 


7484 


7106 


6749 


•490 


6113 


6897 


0668 




48 


8888 


9914 


7488 


7100 


6748 


6414 


6106 


6893 


0664 




48 


8378 


7906 


7481 


9008 


6788 


6409 


6108 


6818 


0660 




44 


8870 


7898 


7474 


7087 


6739 


6404 


6099 


£818 


0646 




48 


8861 


7881 


7407 


7061 


6796 


6886 


0094 


6809 


0641 




46 


8368 


7884 


74B1 


9078 


6791 


6S88 


6080 


6804 


0687 




47 


8846 


7877 


7464 


9089 


6716 


6888 


O064 


6800 


6688 




48 


8887 


7889 


7447 


9088 


6709 


6888 


6079 


6796 


6698 




41 


8888 


7888 


7441 


9067 


6704 


6877 


0074 


•790 


6B94 




W 


8a» 


7866 


7484 


9060 


6698 


0839 


0009 


•786 


0690 




81 


88U 


7847 


7497 


7044 


6889 


6867 


0064 


•781 


•616 




08 


8804 


7840 


7481 


7068 


6687 


6869 


6069 


•777 


66U 




69 


am 


7888 


7414 


7089 


6681 


6867 


6066 


•779 


6607 




64 


8888 


7896 


7407 


9096 


6676 


6361 


O06O 


•768 


6608 




» 


8879 


7818 


7401 


9090 


6670 


6846 


6046 


tm 


6496 




66 


aan 


9811 


7894 


7014 


6664 


6341 


6040 


•789 


•484 




W 


8988 


7803 


7887 


7008 


6660 


6886 


60O6 


•764 


6496 




88 


8866 


7796 


9881 


9009 


6663 


6881 


60BO 


•749 


64B6 


88 1 


8847 


7789 


9374 


6B96 


6648 




6096 


•946 


6481 


8C 


8888 


7788 


7868 


6800 


6648 


6880 


6081 


•740 


•497 





Digitized by VjOOQIC 



-H 



TABLE XLV— PROPORTIONAL LOGARITHMS. 49 





17' 


18 


19' 


20' 


21' 


23' 


23' 


24' 


25' 


0" 


6477 


6229 


4994 


4771 


4669 


4357 


4164 


8979 


3802 




6473 


6825 


4990 


4768 


4666 


4354 


4161 


8976 


8799 




6460 


6221 


4966 


4764 


4562 


4351 


4158 


8973 


8796 




64M 


6217 


4983 


4760 


4549 


4347 


4165 


3970 


8763 




6460 


6213 


4979 


4757 


4546 


4344 


4152 


8967 


8791 




6466 


6209 


4976 


«58 


4642 


4341 


4149 


8964 


8788 




^463 


6205 


4971 


4760 


4639 


4338 


4146 


8961 


8786 




6447 


6201 


4967 


4746 


4685 


4334 


4142 


8968 


8782 




6443 


6197 


4964 


4742 


4532 


4331 


4189 


'8966 


8779 




6439 


5193 


4860 


4739 


4628 


4328 


4136 


8962 


8776 


10 


6436 


6189 


4966 


4786 


4626 


4326 


4133 


8949 


8778 


11 


6430 


6186 


4962 


4782 


46B9 


4321 


413) 


8946 


3770 


12 


6426 


6181 


4948 


4728 


4618 


4318 


4127 


8943 


8768 


18 


6422 


5177 


4946 


^ 


4516 


4815 


4124 


8940 


8766 


M 


6418 


6173 


4941 


•4611 


4311 


4120 


8987 


8762 


15 


5414 


5169 


4937 


4717 


4608 


4308 


4117 


8984 


8760 


M 


6409 


6165 


4933 


4714 


4606 


4305 


4114 


8931 


8766 


17 


6406 


5ia 


4930 


4710 


4601 


4302 


4111 


8928 


8763 


18 


5401 


5157 


4926 


4707 


4496 


4298 


4106 


8826 


3760 


19 


6397 


5153 


4922 


4703 


4494 


4296 


4106 


8932 


8747 


» 


6393 


6149 


4918 


4689 


4491 


4392 


4102 


8919 


8746 


SI 


5389 


6145 


4916 


4696 


4488 


4289 


4089 


Wl 


8742 


32 


6384 


5141 


4911 


4693 


4484 


4286 


4096 


8814 


3789 


23 


6880 


5137 


4907 


4689 


4481 


4282 


4092 


8911 


8786 


24 


6376 


6133 


4903 


4685 


4477 


4279 


4089 


8908 


8788 


25 


6372 


6129 


4800 


4688 


4474 


4276 


4086 


8906 


8730 


26 


6^ 


6126 


4896 


4078 


4471 


4878 


4083 


3802 


8787 


27 


6864 


6122 


4898 


4675 


4467 


4269 


4080 


8869 


3796 


28 


6360 


6118 


4889 


4671 


4464 


4266 


4077 


3896 


3722 


29 


6866 


6114 


4886 


4668 


4460 


4263 


4074 


3898 


8719 


80 


6861 


6110 


4881 


4664 


4487 


4860 


4m 


8880 


8716 


81 


6847 


6106 


4877 


4660 


4464 


42B6 


4008 


8887 


8718 


82 


6343 


6102 


4874 


4667 


4460 


4268 


4066 


8884 


sno 


83 


6889 


6096 


4870 


4663 


4447 


4260 


4062 


8881 


8708 


84 


6836 


6C94 


4866 


4650 


4444 


4247 


4069 


8878 


8706 


8S 


6831 


6090 


4863 


4646 


4440 


4244 


4066 


8876 


8703 


86 


6826 


6086 


4869 


4643 


4487 


4240 


4062 


8872 


3690 


87 


6822 


6082 


4866 


4689 


4484 


4237 


4049 


8869 


8666 


88 


6818 


6079 


4862 


4688 


4480 


4234 


4046 


8866 


8668 


89 


6814 


6075 


4848 


4632 


4427 


4231 


4043 


8868 


8691 


40 


6810 


6071 


4844 


4029 


4424 


4238 


4040 


8860 


3688 


41 


6806 


6067 


4841 


4696 


4420 


4224 


4087 


8867 


8686 


42 


6802 


6063 


4887 


4622 


4417 


4281 


4034 


8866 


3688 


48 


6298 


6059 


4883 


4618 


4414 


4218 


4081 


8862 


3679 


44 


6994 


5065 


4830 


4615 


4410 


4216 


4038 


8S49 


8677 


46 


62B0 


6051 


4886 


46U 


4407 


4212 


4036 


8846 


8674 


46 


6286 


6018 


4882 


4006 


4404 


4209 


4032 


8843 


8071 


47 


6881 


6044 


4819 


4604 


4400 


4206 


4019 


3840 


8668 


48 


6277 


6040 


4816 


4601 


4897 


4202 


4016 


8837 


8666 


49 


6278 


6036 


4811 


4607 


4894 


4199 


4013 


8834 


3668 


80 


6969 


60B2 


4808 


4694 


4890 


4196 


4010 


8881 


3600 


61 


6966 


6008 


4804 


4690 


4887 


4198 


4007 


8838 


3667 


62 


6261 


6026 


4800 


4687 


4884 


4189 


40O4 


8896 


3664 


68 


6867 


6021 


4797 


4684 


4880 


4186 


4001 


8888 


8661 


64 


6268 


6017 


4793 


4680 


4877 


4188 


8998 


8820 


8648 


66 


6249 


6018 


4789 


4677 


4874 


4180 


8996 


8817 


3646 


66 


6246 


oOOO 


4786 


4673 


4870 


4177 


8991 


8814 


8648 


67 


6841 


-6006 


4783 


4670 


48S7 


4174 


8968 


8811 


8640 


68 


6287 


6002 


4778 


4666 


4864 


4171 


8986 


8808 


8687 


69 




4998 


4775 


4668 


4861 


4167 


8982 


8806 


8686 


60 


6899 


«B4 


4771 


4669 


4867 


4164 


8979 


4802 


868S 
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SB' 
8839 


1 «7' 


8310 


1 «K 


! sv 


M' 


as' 


ay 


34' 




•" 


8408 


8158 


1 8010 


9868 


9788 


9688 


8467 




wm 


8466 


san 


8U6 


1 8006 


9866 


9798 


9694 


94B6 






KM 


8466 


8306 


8U8 


1 8006 


9863 


9795 


9n8 


9« 






vaa 


8460 


8309 


8U0 


1 8008 


9861 


9798 


9660 


3460 






8081 


8487 


3800 


8148 


' 8001 


9860 


9721 


9668 


MSB 






8618 


8484 


809 


8146 


1 8888 


98G6 


9719 


9685 


9tf6 






8818 


8«8 


8884 


8148 


1 9996 


9864 


9716 


9688 


9IB4 






86U 


8448 


8899 


8140 


1 9903 


9869 


9n4 


9681 


94BI 






smo - 


8446 


8888 


8138 


9991 


9849 


9719 


9879 


94S0 






8907 


8444 


8987 


8136 


9960 


9847 


9710 


9S77 


9448 




10 


8081 


8441 


89B4 


8188 


9986 


9846 


9307 


9B74 


9446 




n 


8801 


8488 


8988 


8180 


! 9984 


»« 


9701 


9598 


9M8 




u 


88B8 


8486 


8979 


8198 


9981 


9840 


9701 


9690 


94a 




18 


8186 


8438 


8876 


8196 


9979 


9BM 


9701 


9668 


90) 




14 


son 


8431 


8674 


8193 


9977 


9836 


9898 


8666 


9437 




tt 


8880 


8488 


8871 


8190 


974 


H38 


9888 


9664 


9fi6 




M 


8887 


8496 


8908 


8118 


9979 


9831 


9894 


9E81 


9fiB 




17 


8686 


8488 


8966 


8116 


8969 


9838 


9869 


96B8 


9«1 




18 


8888 


8480 


8864 


8118 


9967 


9898 


9888 


9697 


8499 




18 


8679 


8417 


89S1 


8U0 


9966 


9894 


9687 


9665 


908 




80 


8816 


84U 


89N 


8108 


9969 


8691 


9885 


9666 


9464 




n 


88M 


S41S 


8968 


8106 


9960 


9819 


988B 


94a 


9«a 




88 


8871 


8408 


8968 


8108 


8968 


9817 


9681 


9548 


94» 




81 


8668 


8407 


8961 


8101 


9965 


8815 


9678 


8646 


iOS 




81 


8866 


8404 


8948 


8096 


8868 


9818 


9676 


9544 


9416 




88 


8668 


84B1 


8848 


8096 




8B10 


9674 


9549 


9414 




81 


8886 


8888 


S8tt 


8088 


9848 


8606 


9879 


9640 


94U 




87 


8687 


8386 


8841 


8091 


8946 


9805 




9688 


9410 




88 


8666 


83»3 


8938 


8088 


9948 


9803 


9887 


9685 


940S 




88 


8668 


8391 


8936 


8086 


9941 


9801 


9865 


8683 


9406 




80 


86« 


8388 


8838 


8083 




9786 


988B 


9681 


9403 




tl 


8616 


8386 


8981 


8061 


9986 


f798 


9000 


9E99 


9401 




88 


8644 


8388 


8898 


8078 


8984 


S794 


9668 


9697 


9S99 

9897 




88 


8641 


8380 


8898 


8076 


031 


9799 


9656 


9685 




8« 


8888 


8378 


8998 


8078 


9999 


9788 


9654 


9B88 


9895 
9396 




81 


8886 


8878 


8998 


son 


8887 


9787 




9690 




81 


8668 


8871 


8818 


8069 


ff94 


1788 


9648 


9618 


9N1 
9»9 
SH7 
9881 
9«8 




•7 


8886 


8870 


89U 


8066 


9999 


8788 


9647 


8616 




88 


880 


8867 


8818 


8064 


9990 


9780 


9646 


8614 




88 


8886 


8886 


8810 


8061 


9917 


8778 


9648 


9619 




« 




8888 


8808 


8069 


9915 


9775 


9640 


9610 




41 


8S18 


8868 


8801 


8066 


9918 


1778 


9688 


9607 


9880 
9378 
9316 
9374 
8378 




48 


8614 


8887 


8808 


8064 


9910 


9771 


9886 


am 




48 


8614 


8864 




8069 


9908 


S768 


9634 


9B06 




44 


8611 


8361 


8198 


8049 


9906 


9706 


9689 


9601 




46 


8668 


8848 


8196 


8047 


9906 


8764 


9699 


9488 




46 


8606 


8846 


8198 


8044 


9B81 


1789' 


9897 


atn 


9370 
9368 
6863 
9864 

980 




47 


8808 


8844 


8190 


8049 


8B96 


8760 




9494 




48 


8800 


8341 


8188 


8089 


9B96 


9767 


9888 


9499 




48 


8497 


8338 


8186 


8067 


9694 


9765 


8691 


9490 




80 


8486 


8886 


8188 


8084 


8691 


8788 


9618 


9488 




81 


84tt 


8838 


8180 


8088 


9888 


9760 


9618 


9486 


S 

9886 

9388 
9861 




88 


8488 


8881 


8178 


8030 


8887 


9748 


9614 


9484 




88 


8487 


8838 


8176 


8097 


9884 


9746 


9819 


9188 




61 


8484 


8896 


8173 


8096 




9744 


9610 


9480 




66 


8481 


8888 


8170 


8099 


8860 


9ff41 


9607 


9477 




86 


8479 


8890 


8168 


8090 


9Bn 


9789 


9805 


9fl5 


049 
047 




87 


8476 


8818 


8166 


8018 


9876 


9787 


9608 


9478 


9346 




68 


8473 


8318 


8163 


8015 


»78 


9785 


9601 


9471 


8348 


88 


84n 


8818 


8180 


8018 


9B70 


9988 


9698 


9188 


041 I 


80 


8468 


8B10 


8168 


8010 


9B68 


9780 


9696 


9187 
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35' 


36' 


37' 


38' 


38' 


40' 


41' 


42' 


43' 


0" 


2341 


2218 


8099 


1964 


1871 


1761 


1664 


1549 


1447 


1 


2339 


2216 


8098 


1982 


1868 


1769 


1668 


1547 


1445 


a 


2337 


2214 


2096 


1960 V 


1867 


1787 


1650 


1646 


1443 


3 


2335 


2212 


2094 


1978 


1866 


1765 


1648 


1544 


1442 


4 


2233 


2210 


2092 


1976 


1868 


1754 


1647 


1543 


1440 


6 


2331 


2208 


2090 


1974 


1868 


1768 


1645 


1640 


1438 


6 


8338 


2206 


2088 


1979 


1860 


nso 


1643 


1639 


1437 


7 


8326 


2204 


2086 


1970 


1866 


1748 


1641 


1887 


1435 


8 


2324 


2202 


2084 


1968 


1866 


1746 


1640 


1686 


1433 


9 


2322 


2200 


2088 


1967 


1864 


1746 


1638 


1634 


1432 


10 


8320 


2196 


8080 


1966 


1868 


1748 


1686 


1683 


1480 


11 


8318 


8196 


8078 


1968 


1860 


n«i 


1684 


1630 


1488 


12 


8316 


8194 


8076 


1961 


18« 


1788 


1688 


1588 


1487 


13 


8314 


2198 


8074 


1969 


1847 


1787 


1681 


un 


1486 


14 


8312 


2190 


8078 


1957 


1846 


1786 


1689 


1686 


1433 


15 


8310 


8188 


807O 


1986 


UO 


1784 


1687 


1688 


1488 


16 


8808 


8186 


8068 


1961 


1811 


1788 


1686 


1188 


1480 


17 


8306 


8184 


8066 


i9n 


1«9 


1780 


1684 


1680 


1418 


18 


8304 


8188 


8064 


1910 


1888 


n88 


1688 


1618 


1417 


19 


8302 


8180 


2068 


1948 


1886 


1787 


1680 


1616 


1415 


ao 


8300 


2178 


8061 


19tf 


1884 


1785 


1619 


1616 


1418 


ai 


8898 


8176 


80B9 


iM 


1818 


iim 


m 


ins 


1418 


81 


8296 


8174 


8067 


1948 


1810 


nfli 


KU 


1611 


1410 


SB 


8994 


8178 


8006 


1940 


18K 


1719 


M18 


1610 


1406 


84 


8291 


8170 


8068 


1988 


1887 


1718 


1618 


1608 


1407 


85 


8289 


8169 


8oa 


1996 


1886 


1716 


1610 


1806 


1406 


SB 


9887 


8167 


8049 


1984 


I8B 


1714 


1«08 


1604 


T408 


87 


2385 


8166 


8047 


1938 


1881 


1718 


1806 


1608 


1408 


88 


8288 


8168 


8046 


1931 


1819 


1711 


1006 


1601 


1400 


89 


8281 


2161 


8048 


1989 


1817 


1709 


1608 


1499 


1396 


80 


8279 


2159 


aoa 


1987 


18M 


17W 


1601 


1498 


1397 


'81 


aan 


8157 


8039 


1996 


1814 


1706 


1809 


1196 


1396 


88 


8275 


8156 


8037 


1928 


1813 


1708 


1698 


1494 


1398 


33 


8273 


8158 


8036 


1921 


1810 


1908 


1686 


1493 


1398 


84 


8271 


8151 


8038 


1918 


1808 


1700 


1694 ' 


1491 


1398 


86 


8268 


8149 


8038 


1918 


1806 


1098 


1668 


1489 


1388 


'86 


8267 


8147 


s/m 


1916 


1801 


1086 


1691 


1487 


1389 


87 


8965 


8145 


8028 


1914 


1808 


1094 


1689 


1486 


1386 


88 


8263 


2143 


8026 


1918 


1801 


1808 


1687 


1484 


1388 


89 


8261 


8141 


2081 


1910 


1799 


1091 


1686 


1488 


1388 


40 


8269 


8139 


8028 


1908 


1797 


1689 


1684 


1481 


1380 


^m 


WI 


8137 


8020' 


1906 


1796 


1087 


1688 


1479 


1378 


48 


8256 


8135 


2018 


1904 


1794 


1686 


1680 


1477 


1877 


43 


8253 


8133 


8016 


1908 


1798 


1684 


1578 


1476 


1376 


44 


8251 


2131 


8014 


1901 


1790 


1688 


1677 


.1474 


1378 


46 


8249 


8129 


8018 


1899 


1788 


1680 


1576 


1478 


1378 


46 


8247 


8127 


8010 


189T 


1788 


1078 


1673 


1470 


1370 


47 


8845 


8126 


8039 


1896 


1786 


im 


1671 


1469 


1868 


48 


8843 


8183 


8007 


1888 


1788 


1676 


1670 


1467 


1367 


49 


8241 


8121 


8006 


1891 


1781 


1678 


1968 


1466 


1386 


60 


8239 


8119 


8003 


1889 


1778 


1071 


1666 


1464 


1368 


51 


8337 


8117 


8001 


.888 


1777 


1070 


1966 


1469 


1301 


68 


8235 


8115 


1999 


1886 


1776 


1668 


1668 


1460 


1388 


68 


8238 


8113 


1997 


1881 


1774 


16B6 


1661 


1459 


1309 


64 


8331 


8111 


1995 


1889 


1778 


1664 


1569 


1467 


1367 


66 


8889 


8109 


1998 


1880 


im 


10O 


1668 


1466 


1868 


66 


8827 


810? 


1991 


1878 


1768 


1061 


1506 


1484 


1864 


67 


SSS6 


SiS 


1989 


1876 


1786 


1669 


1664 


1488 


ISfll 


68 


8883 


1987 


1876 


1766 


1667 


1668 


1460 


1388 


69 


8920 


81U1 


1986 


1878 


1768 


1686 


1661 


1449 


1849 


60 


8818 


8KI9 


1984 


1871 


1781 


1664 


1541 


1447 


1847 



2d* 
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44' 1 


4» 


46' 


47' 


48'* 


4JK 


W 


51' 


SB' 


0" 


1847 


1913 


1164 


1061 


863 


880 


733 


706 


681 




1846 


1948 


1163 


1063 


368 


878 


790 


904 


630 




1844 


1946 


1161 


1007 


366 


877 


789 


908 


619 




1843 


1946 


1149 


1066 


366 


876 


787 


908 


617 




1340 


1348 


1148 


1064 


368 


874 


986 


900 


616 




1383 


1941 


1146 


1068 


869 


878 


966 


683 


616 




1887 


1940 


1146 


1061 


360 


8n 


986 


607 


618 




1388 


1988 


1148 


1060 


963 


763 


983 


696 


613 




1884 


1937 


1141 


1048 


367 


888 


980 


694 


610 




1883 


19B6 


1140 


1047 


986 


886 


979 


698 


609 


10 


1381 


UB8 


1138 


1046 


964 


666 


997 


688 


606 


11 


1883 


UB8 


1189 


1044 


363 


8B8 


976 


690 


606 


IS 


1837 


1330 


1136 


1043 


861 


663 


974 


683 


606 


13 


1838 


1339 


1184 


1041 


860 


860 


978 


687 


606 


14 


1334 


1987 


1188 


1033 


948 


863 


979 


686 


608 


U 


1838 


1986 


1130 


1087 


347 


867 


990 


686 


601 


16 


1891 


1934 


T139 


1086 


346 


866 


969 


686 


609 


17 


1813 


1383 


1197 


IQM 


344 


666 


967 


683 


606 


18 


1817 


1331 


1196 


1038 


348 


868 


986 


680 


636 


19 


1816 


1318 


1194 


1031 . 


941 


869 


964 


679 


666 


flO 


1814 


1917 


1198 


loao 


963 


860 


968 


678 


634 


a 


1818 


1916 


1191 


1038 


388 


843 


968 


676 


638 


a 


1811 


1914 


1113 


1037 


986 


847 


960 


676 


631 


S3 


1809 


1913 


1118 


1086 


986 


846 


963 


678 


690 


M 


1808 


1911 


1116 


1084 


633 


844 


967 


673 


668 


95 


1806 


1903 


1116 


1083 


988 


848 


766 


670 


687 


38 


1304 


1906 


1118 


1031 


990 


841 


984 


689 


666 


37 


1303 


1906 


1113 


1013 


939 


840 


963 


688 


684 


38 


1301 


1906 


1110 


1018 


927 


838 


961 


666 


688 


39 


1300 


1&08 


1109 


1016 


996 


837 


960 


666 


681 


80 


1986 


1901 


1107 


1016 


894 


886 


943 


668 


660 


81 


1993 


190O 


1106 


1018 


388 


884 


949 


683 


673 


88 


1396 


1196 


1104 


1019 


331 


883 


746 


681 


679 


83 


1393 


1197 


1103 


1010 


890 


881 


944 


663 


676 


81 


1391 


1196 


1101 


1006 


318 


830 


943 


668 


874 


8S 


13B0 


1198 


1009 


1007 


on 


688 


941 


666 


678 


86 


1388 


1199 


1066 


1006 


918 


887. 


740 


666 


599 


87 


1387 


1190 


1008 


1004 


914 


836 


939 


664 


670 


88 


1386 


1189 


1096 


1009 


313 


834 


987 


663 


669 


89 


1283 


1187 


1068 


1001 


811 


838 


936 


661 


668 


40 


1388 


U86 


1091 


399 


309 


881 


984 


649 


666 


41 


1380 


1184 


1090 


996 


906 


819 


988 


648 


666 


43 


1378 


1182 


1088 


996 


806 


818 


981 


647 


668 


48 


1977 


1181 


1087 


996 


006 


816 


930 


646 


669 


44 


1976 


1179 


1086 


903 


308 


816 


939 


644 


661 


46 


1974 


1178 


1064 


993 


808 


814 


997 


649 


668 


46 


1979 


1176 


1068 


880 


300 


819 


996 


641 


668 


47 


1970 


1174 


1061 


963 


889 


811 


934 


640 


667 


48 


1969 


1178 


1073 


887 


897 


803 


938 


688 


666 


43 


1907 


1171 


1078 


866 


896 


808 


991 


687 


664 


60 


1906 


1170 


1076 


964 


894 


806 


990 


686 


668 


61 


1984 


U68 


1074 


363 


888 


806 


913 


684 


6B1 


63 


1989 


1167 


ion 


381 


891 


806 


917 


688 


660 


68 


1981 


1166 


1071 


860 


890 


809 


716 


681 


648 


64 


1903 


1163 


1090 


978 


888 


801 


714 


680 


647 


66 


1967 


lies 


1068 


377 


877 


783 


718 


698 


646 


n 


19B6 


1160 


1067 


m 


886 


m 


711 


697 


644 


67 • 


19B4 


lUB 


1066 


874 


884 


986 


710 


638 


668 


68 


1363 


1167 


1064 


079 


883 


786 


903 


694 


841 


60 


1361 


1166 


1063 


971 


881 


993 


W7 


688 


640 


00 


1943 


1164 


1^61 


963 


880 


988 


906 


881 


683 
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53' 


54' 


55' 


56' 


57' 


58' 


59' 


0" 


689 


486 


878 


800 


988 


147 


78 




687 


456 


877 


996 


991 


146 


79 




686 


456 


876 


997 


980 


146 


71 




686 


454 


874 


986 


919 


143 


69 




633 


459 


873 


994 


918 


149 


68 




639 


451 


871 


993 


916 


141 


87 




631 


460 


870 


999 


916 


140 


86 




§99 


448 


869 


991 


914 


189 


64 




598 


447 


867 


9B8 


818 


187 


68 




686 


446 


866 


988 


811 


186 


69 


10 


896 


444 


866 


887 


no 


186 


61 


u 


684 


448 


868 


886 


809 


184 


80 


IS 


fiaa 


449 


869 


mi 


806 


189 


68 


18 


691 


440 


861 


988 


806 


181 


67 


14 


690 


489 


859 


989 


806 


180 


66 


16 


618 


438 


858 


9B0 


904 


199 


66 


M» 


617 


486 


867 


979 


809 


197 


68 


17 


616 


436 


866 


978 


901 


196 


69 


18 


514 


484 


854 


976 


800 


185 


61 


19 


618 


439 


858 


976 


199 


194 


60 


90 


619 


431 


869 


974 


197 


122 


49 


SI 


610 


430 


860 


978 


106 


121 * 


47 


98 


609 


498 


849 


971 


195 


190 


46 


98 


607 


427 


848 


970 


m 


119 


46 


94 


606 


496 


846 


969 


199 


117 


44 


95 


506 


494 


845 


967 


191 


116 


49 


96 


603 


493 


844 


966 


190 


116 


41 


97 


609 


499 


843 


966 


189 


114 


40 


98 


601 


490 


841 


964 


187 


119 


89 


98 


499 


419 


840 


969 


186 


HI 


88 


80 


498 


418 


889 


9U 


186 


110 


86 


81 


497 


416 


837 


960 


184 


109 


86 


89 


486 


416 


886 


9B8 


189 


107 


84 


88 


494 


414 


885 


957 


181 


106 


88 


84 


488 


419 


883 


966 


180 


105 


81 


96 


491 


411 


839 


966 


178 


104 


80 


86 


480 


410 


831 


9B8 


177 


103 


99 


87 


489 


406 


899 


959 


176 


101 


98 


•88 


487 


407 


898 


951 


175 


100 


97 


89 


486 


406 


897 


950 


174 


99 


96 


40 


484 


404 


396 


948 


179 


96 


94 


41 


488 


403 


894 


947 


171 


96 


98 


49 


489 


409 


893 


946 


170 


96 


99 


48 


480 


400 


899 


944 


169 


94 


91 


44 


479 


899 


890 


948 


167 


98 


19 


46 


478 


898 


819 


949 


166 


91 


18 


46 


476 


896 


818 


941 


166 


90 


17 


47 


476 


895 


816 


939 


168 


89 


16 


48 


474 


894 


816 


938 


169 


86 


16 


48 


479 


899 


814 


937 


161 


87 


IS 


60 ' 


471 


891 


818 


986 


160 


86 


19 


61 


470 


890 


811 


984 . 


168 


84 


U 


68 


468 


888 


810 
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•ATSLLlTia OF HTPITER. 



8tt. 


MMnDtftaaee. 


Sidereal 
fteTolulioi.. 


Orbit to that of 
Japiter. 


Mom; that of 
Japiter being- 


I 
2 
3 

4 


6.04853 

9.62347 

15.35024 

26.99835 


a. h. m. 
1 18 28 
3 13 14 
7 3 43 
16 16 32 


o / // 

8 5 30 
Variable. 
Variable. 

2 58 48 


17328 

23235 

. 88497 

42659 



SATStLITEi 'OF SATV&N. 



flat. 


Mein 
Dbtaiice. 


Sidereal 
Revolutioo. 


EoMntricillM and Inelinatioiik 


1 
2 
3 
4 
5 
6 
7 


3.351 
4.300 
5.284 
6.819 
9.524 
22.081 
64.359 


d. h. m. 

22 38 

1 8 53 

1 21 18 

2 17 45 
4 12 25 

15 22 41 
79 7 55 


The orbits of the «iz interior 
satellites are nearly circalar,and 
very nearly in the plane of the 
ring. That of the seventh is 
considerably inclined to the rest, 
and approadies nearer to coin- 
cidence with the ecliptic. 



SATELLITES OF UEANTTS. 



Sat 


Mean 
Distance. 


Sidereal Period. 


Inclination to EcUptio. 




d. h. m. s. 




If 


13.120 


5 21 25 


Their orbiu are inclined abont 


2 


17.022 


8 16 56 5 


78° 58' to the ecliptic, and theur 


3f 


19.845 


10 23 4 


motion is retrograde. The pe- 


4 


22.752 


13 11 8 59 


riods of the 2d and 4th require a 


5? 


45.607 


38 1 48 


trifling correction. The orbiU 


6? 


91.008 


107 16 ^ 


appear to be nearly circles. , 
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